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Preface

We are delighted to present the extended and revised versions of a set of selected
papers from the Third International Conference on Information and Communication
Technologies for Ageing Well and e-Health ICT4AWE 2017), held in Porto, Portugal,
during April 28-29, 2017.

ICT4AWE 2017 received 32 paper submissions from 19 countries, of which 31%
are included in this book. The papers were selected by the event chairs and their
selection is based on a number of criteria that includes the classifications and comments
provided by the Program Committee members, the session chairs’ assessment, and also
the program chairs’ global view of all papers included in the technical program. The
authors of selected papers from ICT4AAWE 2017 were then invited to submit a revised
and extended version of their papers having at least 30% innovative material.

The International Conference on Information and Communication Technologies for
Ageing Well and eHealth aims to be a meeting point for those that study and apply
information and communication technologies, and for improving the quality of life
of the elderly and for helping people stay healthy, independent, and active at work or in
their community along their whole life. ICT4AWE facilitates the exchange of infor-
mation and dissemination of best practices, innovation, and technical improvements in
the fields of age-related health care, education, social coordination, and
ambient-assisted living. From eHealth to intelligent systems, and ICT devices, this is a
point of interest for all those that work in research and development and across
industries involved in promoting the well-being of elderly citizens.

“We have witnessed a rapid surge in assisted living technologies due to a rapidly
aging society. The aging population, the increasing cost of formal health care, the
caregiver burden, and the importance that the individuals place on living indepen-
dently, all motivate development of innovative-assisted living technologies for safe and
independent aging” (Rashidi and Mihailidis, 2013). Over the past few decades as our
societies have been rapidly ageing, so too has the advancement of information and
communication technologies (ICT). Yet the convergence of such target end users and
new and innovate technologies has not always been fully realized. It has been far too
common where the elderly have traditionally been an excluded group in the deploy-
ment of ICT (Neves and Amaro, 2012). However, more recently, there has been a
growing paradigm shift in the utilization of ICT within an ageing society from a “nice
to have” approach to a “need to have” philosophy. This was highlighted by Obi et al.
(2013) where its survey clearly demonstrated that greater effort is needed to exploit ICT
across a number of all domains (both societal and technological) in order to meet the
challenges and needs produced by our rapidly ageing populations.

In that regard, the ICT4AWE has been a leading international conference in pro-
moting the application of ICT across a number of innovative and meaningful
methodologies to meet the real needs of our ageing societies. In the 2017 and third
edition of ICT4AWE, the breadth and depth of the research and development presented
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clearly demonstrates the ever-increasing adoption of ICT across all domains within our
societies, which clearly showcase that ICT can meet the “need to have” philosophy of
our citizens for the twenty-first century and beyond.

In this book a number of innovative papers have made clear contributions in the
area of ambient-assisted living (ALL) for the ageing. The papers selected to be
included in this book contribute to the understanding of relevant trends of current
research on “ICT for Ageing Well and eHealth,” including: the collection and
evaluation of day/night end user behavior patterns through the adoption of wearable
technologies, i.e., “Laying the Foundation for Correlating Daytime Behaviour with
Sleep Architecture Using Wearable Sensors” (Chapter 8). Such an approach can
assist in the identification of end user activities, which may need greater attention to
key behaviors by the end user themselves, caregivers, or health-care professionals,
thus providing a higher quality of life.

In parallel, wearable technologies through smart textiles are playing an
ever-increasing role in AAL as they provide a passive and natural linkage to ICT
support systems, i.e., “What Is Hip? Classifying Adopters and Rejecters of Interactive
Digital Textiles in Home Environments” (Chapter 1). In this survey paper, the iden-
tification and qualification of factors that influence the adoption or rejection of a smart
textile was conducted and found that age in this regard had little or no bearing in the
adoption of the smart textile artifact.

Finally, several studies have demonstrated that older adults often struggle with
making the right decisions regarding meal preparation, healthy diets, or grocery
shopping. In (Chapter 6) “SousChef: Improved Meal Recommender System for Por-
tuguese Older Adults,” the authors looked at end user needs as part of the nutrition in
older adults. Moreover, an improved version of SousChef application, a meal recom-
mender system, was presented, where new end user-specific heuristics were added to
provide optional nutrition and variety. This book contains a diverse range of innova-
tive, evidence-based papers that assist in the bridging of the gap between a nice to have
approach to a need to have philosophy of ICT for ageing well.

We would like to thank all the authors for their contributions and also the reviewers
who helped ensure the quality of this publication.
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What Is Hip? — Classifying Adopters
and Rejecters of Interactive Digital
Textiles in Home Environments

Julia van Heek, Philipp Brauner®), and Martina Ziefle

Chair for Communication Science, Human-Computer Interaction Center,
RWTH Aachen University, Aachen, Germany
{vanheek,brauner,ziefle}@comm.rwth-aachen.de

Abstract. The omnipresence and familiarity of textiles in combination
with the integration of invisible sensors, actuators, and information and
communication technology under the term “interactive digital textiles”
offer the potential of bridging the gap between age, the aging-population,
and latest information and communication technology. Digital textiles
are reaching maturity and first technology augmented cloths are becom-
ing commercially available. However, little is known about the accep-
tance and projected use of digital textiles for/in home environments and
whether acceptance is shaped by age, gender, expertise in interacting
with technology, or other aspects of user diversity. In a survey with
n = 136 participants, we identified and quantified factors that influ-
ence the adoption and rejection of a smart cushion as example for digital
textiles. We found that attitude towards technology and attitude towards
automation are decisive for the projected acceptance, while age plays a
minor role. In addition, we provide a customer segmentation based on the
projected use and provide detailed descriptions of adopters and rejecters
as well as their model-based evaluations of the smart interactive cush-
ion. The article concludes with open research questions and strategies
for practitioners to leverage smart textile interfaces as basis for many
innovative products in the future.

Keywords: Digital textiles - User diversity - Participatory design
Technology acceptance - Adopters & rejecters - Customer segmentation

1 Introduction

Mankind’s history is inherently linked to the use of textiles and early traces of
the use of textiles for clothing date back to 30.000 B.C. [1,2]. They give warmth
and provide protection against the outside world, but they are also perceived

The original version of this chapter was revised: The spelling of the third author’s name
was corrected. The correction to this chapter is available at https://doi.org/10.1007/
978-3-319-93644-4_11

© Springer International Publishing AG, part of Springer Nature 2018
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as pleasurable and fashionable. Thus, they are part of our everyday lives, for
example as clothes and accessories, or as carpets and furniture surfaces.

On the other hand, the invention of the integrated circuit and consequently
the microprocessor and advanced information and communication technology is
a rather novel development and its consequences on the development of mankind
can only be vaguely estimated. More than two and a half decades ago, Weiser
and his team at Xerox Parc Palo Alto Research Center envisioned how office
environments will evolve when information and communication technology grows
in processing power and connectivity, while shrinking in size and cost [3]. They
envisioned environments, in which smart computing technology is omnipresent,
and framed this under the term “ubiquitous computing”.

In line with this development and building on humanity’s long history with
textiles Post et al. incorporated sensors, actuators, and communication lines
in textiles and ignited research on interactive textile interfaces [4,5]. Through
progress in research and development digital textiles are reaching maturity and
are on the brink of commercial application [6].

However, little is known on the individual’s perception of interactive digital
textiles, perceived benefits and usage barriers, and who is likely to use interactive
textiles. This work fills this void by providing an empirical modeling of user and
system factors that shape the projected use and acceptance of iterative textiles,
taking textile interfaces in the home environment as an use case.

Age as a key factor of user diversity receives particular attention in this
work, as the aging population [7] in combination with lower information and
communication technology (ICT) literacy of older people [8-10] yielded in a
gray digital divide [11,12]. Thus, the development of novel, more sophisticated,
and more complex information and communication technology might pose the
unintentional risk of excluding elderly and jeopardizing their social integration
and participation. Consequently, the diverse wants and needs of elderly must be
addressed adequately throughout the design and development of novel interactive
interfaces.

The article has the following structure: Sect. 2 presents the theoretical back-
ground of technical developments as well as acceptance research concerning inter-
active textiles. Section 3 describes our empirical approach to understand the per-
ceived barriers and benefits of smart interactive textiles and to assess the user
and system factors that govern acceptance by users. Section 4 shows the results of
the empirical study starting with the general evaluation of the smart cushion and
followed by a user-group specific description of the smart cushion’s evaluation.
Section 5 provides a discussion and contextualization of the research findings as
well as practical guidelines on the design and development of interactive textiles.
Section 6 concludes this article by outlining a future research agenda.

2 Interactive Textiles and Acceptance

This section presents the state of the art in the domain of interactive textiles
in Sect. 2.1, technology acceptance research in Sect. 2.2, and their combination
(research on the acceptance of interactive textiles) in Sect. 2.3.
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2.1 Technical Developments in Interactive Digital Textiles

Post et al. ignited research on interactive digital textiles by integrating sensors,
actuators, power supply, and conductive yarn as signaling lines into fabrics [4,5].
Various projects built upon this work and developed textile interfaces for a
multitude of usage scenarios ranging from cloths to furnitures [13]. In principle,
every textile product can be augmented by ICT and the most common usage
domains are wearables — i.e., when electronics are integrated into clothes — and
furnitures. Consequently, the following two paragraphs briefly present related
work from these two areas.

“Pinstripe” by Karrer et al. used parallel conductive yarns to detect folds
and their movements in clothes two realize a two-dimensional continuous input
device [14]. Users can pinch into the fabric of a T-Shirt, form a fold, and move
the fold with their fingers up or down. The size of the fold and the movement can
then be mapped on — for example — volume control with the size indicating the
degree of change and the movement for the continuous adjustment. Building on
that work, Hamdan et al. designed an interactive pad that allows grabbing cloth
at different angels [15]. Integrated into a jacket, this interface might be used for
eyes-free media control. PocketTouch by Saponas et al. used capacitive sensing
to realize input detection on different textile surfaces [16]. Exemplary usage
scenarios included the detection of small gestures up to the recognition of letters
written on textile surfaces. To accelerate the development of textile interfaces
Perner Wilson et al. introduced a toolkit to collect best-practice examples of
digital textiles interfaces [17].

Multiple projects addressed the integration of interactive textiles in the home
environment. For example, Heller et al. embroidered conductive yarns into cur-
tain fabrics and realized a smart curtain [18]. By either touching or swiping
orthogonally across the multiple sensing lines, a motor opened or closed the cur-
tain. The integration of the conductive yarns offered room for visual design. The
conductive yarn can either be embroidered in nearly invisible parallel lines or
may be used as creative element in form of more complex visual ornaments. Rus
et al. built and evaluated a smart textile sofa by integrating electrodes in several
spots across its surface [19]. Using data from the sensors the sofa was able to
perform reliable posture detection.

Recent advances by Poupyrev et al. demonstrated that the integration of
conductive yarns can be realized in industrial weaving processes, thus allowing
the manufacturing of interactive textiles at scale and with reasonable costs [6].
However, it is still unclear which individuals are inclined towards interactive tex-
tiles and what factors shape the individual’s assessment of this novel technology.
Technology Acceptance Research is the methodology to resolve these questions
and will be presented in the following section.

2.2 Empirical Modeling of Technology Acceptance

Technology Acceptance Research aims at understanding what shapes the adop-
tion and rejection of novel technologies. A milestone within this research domain
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is Davis’ Technology Acceptance Model (TAM) [20]. TAM predicts the intention
to use and later use of software systems using the three constructs perceived ease
of use, perceived usefulness, and attitude towards using. Based on Davis’ TAM
and other extended models Venkatesh et al. [21] adapted the concept of linking
system evaluations with the intention to use to predict the use of consumer tech-
nology — the Unified Theory of Acceptance and Use of Technology 2 (UTAUT2).
The model builds on the seven dimensions Performance Expectancy (PE), Effort
Ezpectancy (EE), Hedonic Motivation (HM), Social Influence (SI), Facilitating
Conditions (FC), Price Value (PV), and Habit (HB) and is able to predict almost
74% of the intention to use concerning a specific technology and about 52% of
actual use after four months.

2.3 Acceptance Research on Interactive Textiles

So far, only occasional studies have been conducted focusing on technology
acceptance of interactive textiles, due to the novelty of this technology. In the
following section, an overview of the few existing studies and their results is
given.

Holleis et al. provided first qualitative insights by investigating diverse input
modes for media player control on different prototypical input devices. In more
detail, the preferred design of interaction (e.g., visible vs. invisible buttons, orna-
ments) and preferred body locations for performing gestures (e.g., hands, legs,
chest) were focused [22].

A further study examined the acceptance of wearable smart textiles in differ-
ent usage contexts using a scenario-based approach [23]. The study revealed an
influence of different usage contexts on the evaluations of smart textiles (leisure
contexts (i.e., sports) vs. medical contexts (i.e., monitoring vital parameters)) as
well as an influence user diversity (age, previous experiences, and the individual
knowledge about the technology).

Furthermore, a conjoint-based approach was used by Hildebrandt et al. to
identify which product features influence the general acceptance of smart digital
textiles most [24]. The study revealed that the technical realization of these prod-
ucts was most important as users disliked noticeable electronics in the devices
and preferred a seamless integration into the textile. The second important fac-
tor was the room, in which the textile was used (living room preferred; bedroom
and kitchen declined). The factor functionality (i.e., what the interactive textile
should be able to do) was less, while the factor wearability was comparatively
least important with a slight participants’ preference towards interactive textiles
that are integrated into non-wearable devices (e.g., curtains, cushions).

Another study deepened the comparison of wearable and non-wearable
devices in order to understand specific requirements for textile input devices
within home environments [25]. In a questionnaire study with 72 participants in
an age range between 20-76 years the perceived benefits and barriers of smart
textiles in the home context were explored, but also the requested functions to
be controlled by textile input devices as well as the type of devices and the spe-
cific home locations. Results showed that participants do not see much benefit
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in the use of textile input devices, but — on the other hand — the barriers are
also not that prominent what might be due to the fact that almost none of the
sample already had hands-on experience with smart textiles. However, partic-
ipants expressed a number of important conditional usage criteria that should
be guaranteed first before they would use smart textiles. The most prominent
conditionals were a high usability and ease of using the textiles, whereas the
material quality, the functionality, and the ease of cleaning were of lower impor-
tance. With respect to the device type, the study showed that participants favor
table surfaces, chairs or sofas, and outerwear for integrating interactive textile
interfaces over smart carpets or curtains. The desired functions that should be
controllable by smart textiles (e.g., switching TV or music channels, control
interior lighting) related especially to textiles in the living room and the office,
which were the most preferred home locations for participants. In contrast, smart
textiles were seen as not useful in the kitchen and bedroom [25].

A follow-up study with 90 participants investigated motives, barriers, and
conditions for using interactive digital textiles in an aging context. It was of
interest if the acceptance of smart textiles is different for persons of different
generations. In detail, different usage contexts of interactive textiles (i.e., bed-
room, living room, kitchen, and integrated in clothes) [26] were investigated.
Results showed that — across all conditions explored — age and generation of
participants did not impact the acceptance of smart textiles, revealing a quite
unique view on smart textiles. In single areas, though, age effects showed up:
With respect to the question of the longevity of smart textiles, a significant age
effect was found: Younger adults had significantly higher demands on longevity
than middle-aged and the older participants. Another age effect was revealed in
the opinion that smart textiles would complicate lives — a belief that was more
frequently confirmed by older adults. Overall, the study revealed that the use
of smart textiles seems not to be different for older and younger adults, thus
revealing that the technology is basically appropriate for a broad user group.

In contrast to scenario-based approaches, an usability study with smart inter-
active textiles was also conducted [6] focusing on the recognition rates of ges-
tures (swipe right, swipe left, hold) taking different use conditions into account
(sitting, walking, standing) and using small interactive areas of a test jacket’s
sleeve. The study revealed an overall recognition rate of almost 77%, although
the recognition rate varied significantly depending on the use conditions under
study.

Summarizing previous studies on the acceptance of interactive textiles, smart
textiles were especially accepted and desired in the home environment’s and
specifically the living room. Furthermore, user diversity seemed to influence
their acceptance. Strikingly, previous research in the field of smart interactive
textiles predominantly focused on smart wearable textiles, while research on non-
wearable smart textiles — such as furnitures, bed linen, or pillows and cushions
— in home environments is comparatively rare.

Consequently, this article focuses on the overarching research question if these
effects are also present for smart textile interfaces in home environments and
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which evaluation dimensions govern the users’ acceptance. Based on preceding
studies and specifically findings of focus groups, we specified a smart cushion
as an application scenario, whereby the cushion can be placed in the living
room, for example on the sofa or armchair. Gestures on the cushion can be used
to control music or light within the home environment. The following section
precisely describes the underlying methodological approach.

3 Method

This section presents the study’s methodological approach starting with a
description of the applied research’s design, followed by specifications of the
applied statistical procedures, and the sample of the study. The goal of this
study was to analyze whether an adapted acceptance model could be used for
evaluating the acceptance of a specific smart interactive textile and if there
are user groups that differ in their acceptance behavior. The following central
research questions guided the design of the study:

1. Is the Unified Theory of Acceptance and Use of Technology 2 model (see
Sect. 2.2) suitable to predict the likely adoption of a smart cushion as an
example for smart interactive textiles in the home environment?

2. Do user groups with different patterns of adopting and rejecting the smart
cushion exist? What characterizes these user groups?

3. Do the key usage motives differ for diverse user groups?

3.1 Design of Applied Research Approach

We chose the method of a paper-and-pencil questionnaire in order to reach sim-
ilarly younger and older participants. The items of the questionnaire were based
on the UTAUT 2 model, but were adjusted to the context of smart textile inter-
faces. Further, the model was extended by constructs based on the findings of
several focus groups consisting of five people carried out prior to this study.
Within the first part of the questionnaire, participants’ demographic char-
acteristics (age, gender, educational level) were addressed and we also asked
for more detailed user-specific aspects such as participants’ health status (e.g.,
chronic diseases and physical restrictions). Additionally, the participants evalu-
ated their previous experience with smart textiles (using two items; oo = .79).
In the next part, the participants were asked for their attitudes towards
technology (TECH), towards textiles (TEX), and towards automation (AUTO),
whereby respective items were summed up for each construct and checked for
item and scale reliability. The attitudes towards technology was measured based
on Karrer et al. capturing the following four dimensions: technical enthusi-
asm (EN), experience of technical competency (COMP), and positive (POS)
as well as negative (NEG) experience with technology with three items for each
dimension [27]. The self-efficacy in interacting with technology (SET) was mea-
sured on a scale by Beier [28] (using four items; o = .82). In accordance with
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Bandura, domain specific self-efficacy refers to an individual’s confidence to exe-
cute a specific behavior or to attain a specific goal [29] and various studies found
an significant influence of domain specific technical self-efficacy on interacting
with computing technology [8-10]. As no validated scale for a measurement of
the attitude towards textiles (TEX) has been applied so far, we built a new
scale with four items based on previous findings from our preceding focus group
studies. The results revealed that this scale achieved a sufficiently high internal
reliability for a newly developed scale (four items; @ = .66). Furthermore, AUTO
was queried (using six items; o = .83) also derived from the results of previous
qualitative studies.

After the assessment of personal and attitudinal information, the participants
were asked to conceive a scenario, in which a cushion lied on the sofa in the living
room and functioned as a remote control for the domestic electronic devices such
as light, music, and heating in the whole home environment. The participants
should imagine that electronic sensors were incorporated in the cushion enabling
to respond to different hand gestures, e.g., operating by stroking, kneading,
grabbing, or rolling and twisting of folds.

Using the scenario, the participants envisioned the smart cushion and its
functions and then evaluated the acceptance of the cushion based on the adapted
UTAUT2-model [21]. Our STTAM — Smart Textile Technology Acceptance Model
— incorporated the dimensions Intention To Use (ItU), Performance Expectancy
(PE), Effort Expectancy (EE), Hedonic Motivation (HM), Social Influence (SI),
Facilitating Conditions (FC), Price Value (PV), and Habit (HB) from UTAUT2.
Further, the model was complemented by the dimensions Washability (WASH)
and Technical Conditions (TC) (capturing technical aspects such as long dura-
bility or input efficiency) based on the results of previous qualitative studies. The
participants assessed the respective dimensions using each three or four items
on six-point Likert scales (0 =strongly disagree; 5 =strongly agree).

Completing the questionnaire took about 15min and data was collected in
Germany in spring 2015. The participation was voluntary and not gratified.

3.2 Applied Statistical Procedures

Data was analyzed using bi-variate correlations of model- and user-
related factors, Pearson’s x?, uni- and multivariate analyses of variance
(ANOVA/MANOVA) as well as linear regressions. The level of significance was
set to p = .05. Spearman’s p was used for bivariate correlations and Pillai’'s V'
was stated for the omnibus test of MANOVAs. The effect size was reported as
partial n%. The step- wise method was used in the multiple linear regression and
models with low standardized § were removed between the runs. Models with
high variance inflation (VIF > 1) were excluded. The whiskers in the diagrams
indicate the standard error. For the two-step cluster analysis the silhouette coef-
ficient was >.5, indicating a good separation between and a good cohesion within
the clusters. &+ indicates the standard deviation.
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3.3 Participants

The questionnaires were distributed on paper in a rural area and a total of 136
people participated voluntarily in this study. 12 (8.8%) incomplete datasets were
excluded and only complete datasets were considered in the subsequent analyses.

The final sample consists of 56 male (45.2%) and 68 female (54.8%) partic-
ipants with an age range from 17-86 years, an arithmetic mean of 49.5 + 16.2
years and a median age of 53.0 years. The sample’s educational level is het-
erogeneous, as 29.3% reported holding a secondary school certificate, 26.6% an
university entrance diploma, and 27.4% completed junior high school. Chronic
diseases affect only a small share of the participants (14.8%) and include mainly
diabetes or allergies. About half of the participants (50.4%) reported owning a
pet (48.7% reported no pet ownership). None of the factors (educational level,
health status, pets) was associated with age or gender.

Besides these demographic information, the participants were asked for their
technology attitude and experience in five dimensions: the participants showed
a positive Perceived Competency in interacting with technology (M = 3.7+ 1.2;
min = 0; maz = 5), a rather positive self-efficacy in interacting with technology
(M = 2.9+ 1.2; min = 0; max = 5), and a slightly positive perceived technology
Enthusiasm (M = 2.7 + 1.5; min = 0; maz = 5); On average, the participants
confirmed a Positive Attitude Towards Technology (M = 3.3 + 1.0; min = 0;
mazx = 5), while they rated Negative Attitude Towards Technology (M = 2.5 +
1.2; min = 0; max = 5) neutrally. Further, the participants reported a positive
Attitude Towards Textiles (TEX) (M = 3.4+ 1.1; min = 0; maz = 5) and a
slightly positive Attitude Towards Automation (AUTO) (M = 2.9 + 1.6; min =
0; max = 5). In contrast, previous experience with smart interactive textiles was
very low (M = 0.7 £ 1.3; min = 0; max = 5).

Analyzing potential relationships of user and attitudinal factors, a correlation
analysis revealed significant correlations between gender (dummy coded as 0 =
male,1 = female) and SET (p = —.39, p < .01, sig.), gender and TECH
(p = —.314, p < .05, sig.), gender and TEX (p = .25, p < .01, sig.) as well as
gender and AUTO (p = —.26, p < .05, sig.). Hence, women reported to be less
inclined to technology than men, however, woman were more inclined to textiles
than men. Further, age correlated significantly with SET (p = —.33, p < .01,
sig.) as well as TECH (p = —.28, p < .01, sig.). The elderly indicate to be less
inclined to technology than younger participants. In contrast, age was not related
to AUTO (p = —.14, p = .11 > .05, n.s.) and TEX (p = .02, p = .80 > .05, n.s.).

4 Results

This section presents the results of the present research approach starting with
the overall evaluation of the smart cushion. Afterwards, distinct clusters of users
are identified in regard to in acceptance behavior and characterized concerning
their differences in user factors. Subsequently, the user group specific evaluation
of the smart cushion based on the adapted acceptance model is described.
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4.1 Model-Based Evaluation of a Smart Cushion

A previous study revealed that the Intention to Use (ItU) the smart interactive
cushion was evaluated slightly negative by the participants (M = 2.1 £+ 1.5;
min = 0; maz = 5) and that all considered model dimensions were associated
with the Intention to Use (ItU) [30]. Especially the dimensions PE, HM, and HB
were strongly related with ItU. The dimensions SI, FC, PV, and TC were also
significantly but on a slightly lower level correlated with ItU. EE and WASH
had the comparatively lowest impact on ItU (see Table1).

A step-wise multiple regression analysis was conducted in order to find out
which model dimensions were the key predictors for the acceptance of the smart
cushion. For this, the evaluation dimensions represented the independent and
the ItU dimension the dependent variable. The analysis revealed three signifi-
cant models: the first model predicted 83.5% variance of ItU ngj. = .835 with
the dimension habit (HB) as key predictor; the second model predicted 85.9%
variance rgdj. = .859 based on HB and additionally hedonic motivation (HM) as
key predictors; and finally, the third model predicted 86.2% (Tidj. = .862) with
HB, HM, and performance expectancy (PE) as predictors. Table 2 illustrates the
final regression model for the evaluation of the smart cushion referring to the
whole sample.

Table 1. Inter-correlations of user factors (bottom) and the product’s evalua-
tion (upper) on the Smart Textile TAM dimensions (PE = Performance Expectancy,
HM = Hedonic Motivation, HB = Habit, EE = Effort Expectancy, SI = Social Influence,
FC = Facilitating Conditions, PV = Price Value, WASH = Washability, TC = Technical
Conditions, ITU =Intention To Use, TECH = Attitude Towards Technology,
TEX = Affinity Towards Textiles, AUTO = Attitude Towards Home Automation). f=
p<.l,*=p<.05 ** =p<.001 (see [30]).

PE HM |HB EE SI FC PV WASH | TC ITU

PE — L689F* | TERHRE | 348%Fk | 553X | 590k | 335%K | 35]HK | ZETHK | 764K
HM — JTE5FE | 313%% | 534%K | 577K | 73k | 335k | pAQEk | 7Q] ¥k
HB — 281%F | GE2FF | 649%F | 445%F | 3BTHK | 493%* | gO4**
EE — 167 | 51axx 207
ST — AB0** | 363%* | 299%F | 313%* | G55**
FC — 342%% | 231% | 337F* | 606**
PV — .246%* A59**
WASH — 182% | .304%*
TC — 488%*
Age —.236%* 176t

TECH | .268%* | 288%* | 293** | 430%* | 1557 | .407** A75T | 327
TEX .302%* 1561 .280%*

AUTO | .342%% | 343%* | 398%* | 307+* | 197* | 372%* | 192% 198% | 491%*
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Table 2. Linear regression for Intention To Use (ItU) based on HE (Habit), Hedonic

Motivation (HM), and Performance Expectancy (PE) (ray = .862) (see [30]).

Model | B SEB| g T
(const) | —.614 | .129 | — | —4.761
HB .664 | .070 |.633]9.542
HM 272 1.070 |.237|3.876
PE 136 |.068 |.114|2.015

In preceding analysis processes, we found significant correlations of several
user diversity factors with ItU and other model dimensions (see Table1): For
instance, the individual attitudes TECH and AUTO were related with ItU (as
well as almost all model dimensions) showing that participants who reported
to be more inclined with technology and to have higher wishes for automation
showed a more positive Intention to Use the smart interactive cushion. However,
the analysis revealed no significant correlations of age, gender, and TEX with
1tU. Although these results deliver insights into single relevant user diversity
factors, they do not support to understand in depth who adopts and who rejects
the cushion as example for smart interactive textiles.

4.2 Identification of Adopters and Rejecters

To understand the different perceptions of people who are likely to accept or
reject smart interactive textiles we segmented the sample by their usage inten-
tion. We calculated a two-step cluster analysis with two target clusters based on
the three variables capturing the overall Intention to Use the smart interactive
textile. Overall, this procedure yielded in a good separation between the two
clusters and a good cohesion within the clusters (silhouette coefficient >.5).

As Fig. 1 (left) illustrates, the cluster membership had an obvious and strong
effect on the Intention to Use (ItU) the smart cushion: the first cluster contained
64 participants with a low Intention to Use (M = 0.8 &+ 0.6; min = 0; max = 5)
and will be referred to as “rejectors”, while the second cluster contained 59
participants with a high Intention to Use and will be referred to as “adopters”
(M =3.3+1.0; min = 0; maz = 5).

As Table 3 shows, neither age (p = —.018, p > .05), nor gender (x? = 1.294,
p > .05) are linked to cluster membership. Instead, the personal attitudes TECH
and AUTO were related to the membership of the clusters: the group of adopters
showed a significantly more positive attitude towards technology and automation
than the group of rejecters. In contrast, TEX was not significantly related with
the cluster membership.

4.3 Differences in the Smart Cushion’s Evaluation

The cluster membership had a significant and strong effect on each of the
STTAM evaluation dimensions (V = .623, Fy 197 = 19.647, n* = .623, p < .001)
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Table 3. Characterization of Intention to Use (ItU) clusters (AUTO = Attitude
Towards Home Automation, TEX = Affinity Towards Textiles, TECH = Attitude
Towards Technology).

Adopter Rejecter Significance
Sex 32m/32w 28m/38w x2 = .750, p = .482 > .05
Age 48.9+16.2 (17-78 years) | 49.4 + 15.9 (18-86 years) | F1,124 = 0.347, p = .557 > .05
TECH 3.1£0.8 2.7+0.8 Fy 124 = 11.146, p < .01
AUTO|3.7+£1.2 22+1.6 Fi 124 = 31.682, p < .001
TEX 35+1.1 34+1.1 Fy 124 = 1.059, p = .305 > .05
2 2 £ & 2 5 z 2 = 4

Evaluation (0...5)

Dimensions of the Smart Textile Technology Acceptance Model (STTAM)

Rejecter Adopter

Fig.1. Evaluation of the smart cushion on the Smart Textile TAM dimensions by
usage intention clusters (adopters and rejecters) ordered by effect size (whiskers indi-
cate the SE, PE = Performance Expectancy, HM = Hedonic Motivation, HB = Habit,
EE = Effort Expectancy, SI = Social Influence, FC = Facilitating Conditions, PV = Price
Value, WASH = Washability, TC = Technical Conditions, ItU = Intention To Use).

and likely adopters evaluated each of the dimensions higher than the likely
rejecters. Figurel (right) shows the differences between rejecters and adopters
in regard to the evaluation dimensions ordered by the n2-effect size form highest
(left) to lowest (right).

Cluster membership unfolded the strongest influence on the perceived ability
to use the technology regularly (HB: F 115 = 154.675, n? = .574), p < .001).
The second strongest effect was found on the perceived enjoyment using the
technology (HM: Fy 115 = 95.198, n? = 453, p < .001). Rejecters and adopters
also evaluated the perceived usefulness and the perceived gain in abilities of
the technology differently (PE: Fy 115 = 74.831, > = .394, p < .001). The
influence of the cluster membership on the perceived facilitating conditions, e.g.,
if the technology is embeddable in the current environment, was strong as well
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(FC: Fy 115 = 57.883, n?=.335p< .001). This was also true for the dimension
social influence (SI: Fy 115 = 53.655, n* = .318, p < .001). A less stronger
influence was unfolded on the perceived price-value trade-off of the technology
(PV: Fy115 = 28.496, n* = .199, p < .001) as well as on the technology’s
technical conditions (T'C: Fj 115 = 24.864, n? = .178, p < .001). The second
lowest influence of cluster membership was found for the perceived washability of
the smart cushion and although rejectors and adopters evaluated the washability
differently, the effect was rather small (WASH: Fi 115 = 9.514, n? = .076, p =
.003 < .05). Surprisingly, the perceived difficulty to learn using the technology
and the later continuous usage was the dimension with the lowest, yet significant,
effect of the cluster membership (EE: Fy 115 = 6.454, n* = .053, p = .012 < .05).

Correlation Analysis. To understand the relationships of the cluster mem-
bership and the model dimensions, correlation analyses were conducted. Tables 4
and b5 illustrate the respective results. Concerning the group of adopters
(Table4), the dimensions HB, HM, and PE were strongly related with the ItU
a smart cushion and also with almost all other model dimensions. Further, TC,
FC, EE, SI, and PV had a lower influence on [tU. In contrast, WASH was
the only dimension that did neither correlate with the ItU nor the other model
dimensions.

Referring to the group of rejecters (Table5), the results revealed a clearly
lower number of correlations as well as weaker correlations. The model dimen-
sions HB, PE, and HM were again strongly related with ItU, though clearly on
a lower level than for the adopters. The dimensions SI, WASH, and TC were
comparably weaker related with ItU. However, the dimensions FE, FC, and PV

Table 4. Correlations of the product’s evaluation for the adopter user group on
the basis of the Smart Textile TAM dimensions (PE=Performance Expectancy,
HM = Hedonic Motivation, HB = Habit, EE = Effort Expectancy, SI = Social Influence,
FC = Facilitating Conditions, PV = Price Value, WASH = Washability, TC = Technical
Conditions, ItU = Intention To Use). T=p < .1, * = p < .05, ** = p < .001.

PE|/HM |HB EE SI FC PV WASH | TC ItU

PE — | .600%* | .664%* | .492%* | 338%* | 356%* .333%* | 631%*
HM — 814%F | 467 | 320%* | 640** | 2247 .629%* | 839%*
HB — 513%% | 332%* | 558%* | 307%* 515%* | 88g**
EE — A64F* 316% | .416%*
SI — .258% | .311% .340%*
FC — 257 | 514¥*
PV — .322%
WASH —

TC — BAT**

Aee | |00 [ loast st
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Table 5. Correlations of the product’s evaluation for the rejecter user group on
the basis of the Smart Textile TAM dimensions (PE = Performance Expectancy,
HM = Hedonic Motivation, HB = Habit, EE = Effort Expectancy, SI = Social Influence,
FC = Facilitating Conditions, PV = Price Value, WASH = Washability, TC = Technical
Conditions, ITU = Intention To Use). T=p < .1, * = p < .05, ** = p < .001.

PE|HM |HB EE SI FC PV | WASH | TC ItU
PE — | BTI**F | 505%* .321%* .3T4%* .555%*
HM — 496 .381%* L342%% | 3o8%K | 514Nk
HB — 537K | 981%K A423%* | 281%* | 688**
EE — A498%*
ST — AT4RH
FC — .278*
PV — —.234%
WASH — L282%*
TC — 252K
Age | | | | —350% | 07| | | |

were neither related with ItU nor had they a strong influence on all other model
dimensions as they each correlated with only one dimension.

Regression Analysis. In order to understand which model dimensions predict
the ItU of the smart interactive cushion and if these dimensions differ with regard
to adopters and rejecters, we calculated step-wise multiple regression analyses
for each group. In the following, the calculated final models are described and
illustrated (see Table 6 (left side: rejecters; right side: adopters)).

Considering the group of adopters, the final model predicted 81.4% variance
in TtU (r2; = .814) and was explained by the dimensions habit (HB) and hedo-
nic motivation (HM). In contrast, the final regression model for the group of
rejecters predicted 50.5% and thus a clearly lower proportion of variance in ItU
based on the dimensions habit (HB), performance expectancy (PE), and effort
expectancy (EE).

5 Discussion

Interactive digital textiles are a promising development and the brink at com-
mercial exploitation. To fully harness their potential, we need to understand
what shapes individual’s acceptance and rejection. By using a scenario-based
approach with a smart cushion as example for smart interactive textiles in the
home environment, this study investigated the acceptance of smart textiles using
an adapted version of the UTAUT2 model specifically tailored to smart textiles
(Smart Textile Technology Acceptance Model, STTAM). This section provides a
discussion of the results and answers to the research questions that represented
the basis for the conducted study (see Sect. 3).
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Table 6. Linear regression models for Intention To Use (ItU) for likely adopters and
rejectors of smart interactive textiles in home environments.

Model B SEB 15} T
(const) .349 171 — 2.038 Model B SE B B T
HA 343 .068 535 5.080 (const) -.258 240 — -1.077

PE 167 .061 291 2739 HA 702 .103 .651  6.804
EE -.100 047  -195 -2.119 HM 324 104 298 3.121

(a) Rejectors (rgdj = .505) (b) Adopters (ridj = .814)

5.1 Suitability of the Applied Acceptance Model

First, the results indicate that the model used in this study is able to capture the
overall intention to use the smart cushion. All dimensions from the underlying
UTAUT?2 model and the newly integrated additional dimensions washability of
the textile and technical conditions significantly and profoundly relate to the
intention to use the product (see also [30]).

As of now, the smart cushion is neither realized as a functional demonstrator
nor as a salable product. Hence, the postulated relationship between the model’s
constructs, the captured intention to use, and the final use of a product in the
future cannot yet be formally established. However, based on previous work by
Fishbein and Ajzen [31,32], Davis [20], and Venkatesh et al. [21], we assume that
the strong relationship between intention to use and actual use will also emerge
for smart interactive textiles.

5.2 Classification of Adopters and Rejecters

The cluster analysis revealed two existing participant groups with clearly signif-
icant differences in their acceptance behavior and attitudes towards the smart
cushion as an example for smart interactive textiles. Further, the groups were
characterized by differences with regard to attitudinal variables, i.e. attitude
towards technology and attitude towards automation: participants with higher
acceptance and intention to use the smart interactive textile (adopters) had a
more positive attitude towards technology and automation. The classification
based on acceptance and not on single user factors enables to compare and
understand people with distinctive differences in their behavior.

5.3 Evaluating Differences in Usage Motives

The regression analysis results gave insights into similarities and differences with
regard to the evaluation of model dimensions by the clustered groups. In the
following we utilize these results to derive empirically grounded communication
guidelines for introducing digital textiles to both groups.
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General Communication Guidelines. Results showed that the dimension
habit (HB) was part of every model (whole sample, adopters as well as rejecters)
and had in each analysis the comparatively strongest influence on the intention
to use the smart cushion. Thus, it is of major importance for all participants, that
they are able to envision to use the product on a regularly basis and so, increas-
ing the behavioral intention to use the smart cushion requires to increase the
perceived habit. Some ideas for realizing an increased perceived habit are based
on Bandura [29] suggesting role models who are able to show the opportunities
and benefits of smart interactive textiles facilitating certain daily activities as
well as friends and family members who are able to persuade people to integrate
novel products into their everyday life.

Addressing Adopters. In contrast, there were also some considerable dif-
ferences in the regression models for adopters and rejectors. For the group of
adopters, the hedonic motivation (HM) was the second influencing usage motive:
if they attest the usage of the smart cushion is fun, this influences their inten-
tion to use and acceptance of the smart cushion. Hence, this second strongest
predictor should be considered during the design of novel input devices, which
should not only focus on usability measures, but also integrate aesthetics and the
perceived fun when using these devices. Interestingly, the model for the adopters
group, showed a high share of explained variance (81.4%) similar to the model
referring to all participants.

Addressing Rejecters. However, the regression model for the rejecters group
predicted a clearly lower share of variance (50.5%). This suggests that this group
had the more negative attitude towards the smart cushion due to the clearly
lower enthusiasm and more negative attitudes towards technology in general and
towards automation. Differences were not only found for the share of variance
but also in the predicting motives: for the rejecters, the second and third predic-
tors of acceptance and behavioral intention to use the cushion are performance
expectancy (PE) and effort expectancy (EE). Therefore, these two aspects have
to be addressed in order to increase the acceptance of this user group. Refer-
ring to performance expectancy (PE), we assume that this dimension refers to
perceived benefits of technology usage. For the smart cushion, clear examples
should be provided focusing on what the smart cushion can be used for in the
personal environment (e.g., light of the living room, music, or television can be
adjusted to the individual mood by using an intuitive swipe gesture on the cush-
ion). Referring to effort expectancy (EE) information should be provided on how
the cushion has to be controlled and which gestures should be used in order to
allay concerns about an arduous and complex handling of the smart cushion.

These results show that prototypical adopters and rejecters have to be
addressed in each case adapted to their individual needs (as suggested) in order
to satisfy their respective system requirements.
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5.4 The Role of Age in the Context of Interactive Digital Textiles

Aging is usually associated with lower perceived usefulness, perceived ease of
use, perceived usage satisfaction, and perceived and actual effectiveness when
interacting with a wide range of electronic devices—ranging from computers,
ticket machines, to mobile phones and tablets [9,10].

In contrast to a prior study [23], in which significant influences of user diver-
sity factors (in particular age) were found with regard to the evaluation of use
requirements of smart interactive textiles, the overall acceptance behavior was
not influenced by age in this study.

Neither was the overall acceptance behavior (intention to use) affected by
age, nor did age unfold significant influence of the models variables. Merely,
effort expectancy and facilitating conditions were influenced for the group of
rejecters and washability and additional technical conditions for the group of
likely adopters. Consequently, age plays a minor role in the likely adoption
or rejection of these novel technologies. However, if the product’s adoption by
elderly should be facilitated, these four dimensions might be targeted.

5.5 Limitations and Future Research

The study used a scenario-based approach and the results are therefore shaped
by the participant’s ability to imagine the form, feeling, and functioning of the
smart textile. Consequently, future work should investigate the user’s perception
of tangible and functional demonstrators. Ideally, the long term adoption and
usage of smart textile-based interfaces in the home environment is evaluated and
the relationship between user and model constructs, intention to use, and later
actual use is precisely quantified in an empirical model.

As already addressed before, the study focused on a specific smart interactive
textile example — the smart cushion. Besides this product, it is also of impor-
tance to evaluate other product examples with different application contexts. We
used the cushion as an scenario-based example for a smart textile in the home
environment. In current and future studies, we focus and will further focus on
different products with diverse ranges of functions in order to understand which
determinants for later use are universal and which are product-specifically rele-
vant. Within our interdisciplinary research project on smart interactive textile
surfaces, we have already developed first demonstrators for different usage con-
texts: an interactive curtain, a smart jacket, and a smart armchair [33]. First
usability studies found the demonstrators (curtain and armchair) to be very
intuitive and easy to use (high ease of use), whereas the participants attested
the armchair a higher usefulness compared to the curtain. Further versions of
prototypical demonstrators are currently on a testing stage and will be evaluated
in the near future.

In addition, there are some limitations with regard to the sample of the
present study, which was rather small. Hence, we aim for a replication of this
study’s design and will try to reach a greater and more representative sample
especially referring to age. The present study tried to reach older participants
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leading to a comparatively “old” sample due to the paper-and-pencil question-
naire, which was very useful in order to analyze older participants’ needs and
wishes towards smart interactive textiles. In contrast, it would be useful and
desirable to reach a balanced age-distribution covering all age groups in future
studies.

6 Conclusion

The article investigated the projected acceptance of interactive digital textiles
using a scenario-based approach and an envisioned smart cushion as an exam-
ple. The study with n = 136 participants shows that age is not decisive for
projected acceptance, however that attitude towards technology and attitude
towards automation are rather strong determinants for acceptance.

One key finding of this work is that interactive digital textiles are perceived
differently than other forms of novel information and communication technology:
Elderly people usually report lower literacy and competency in interacting with
ICT [8-10] which often yields in lower usage and participation and thus a gray
digital divide [11].

Why wasn’t this the case for interactive textiles? The omnipresence of tex-
tiles in our everyday lives, their deep rooting in mankind’s history, their softness,
and their warmth may offer a novel approach to design information and commu-
nication technology that seamlessly blends into the people’s habitats and may
include younger and older people alike. Especially in regard to the development
of ambient assisted living environments and smart homes [34-36], smart interac-
tive digital textiles may consequently act as a viable solution to bridge the gray
digital divide and to facilitate intuitive, gentle, and pleasurable interactions by
everybody.
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Abstract. To face the challenges of increasing care needs due to demographic
change, the development of smart home and Ambient Assisted Living
(AAL) technologies present one approach, which is continuously forwarded.
Besides aspects of technical development and implementation, user acceptance
of diverse stakeholders plays a major role for a successful rollout and sustainable
adoption of those technologies. So far, user acceptance research in this context
has concentrated mostly on age-related issues. In contrast, disabilities and
related care needs have hardly been researched yet. The current study focused on
persons having different experiences with disabilities and care needs. In a
qualitative interview pre-study (n =9) and a follow-up quantitative online
questionnaire study (n = 279) perceived benefits and barriers, use conditions,
and acceptance of AAL technologies were contrasted. Four user groups were
under study: disabled participants, relatives of disabled persons, professional
caregivers, and, as a control group, persons without experience with disabilities.
Results indicate that disabled and care-needy people show a higher acceptance
and intention to use an AAL system than not-experienced people and especially
professional caregivers. The motives for acceptance and rejection differ strongly
regarding user diversity as well. The results contribute to a better understanding
of user-specific acceptance of smart home and AAL technologies and show that
the integration of diverse user groups into the technologies’ design and evalu-
ation process is necessary.

Keywords: Technology acceptance - User diversity
Ambient assisted living (AAL) - Smart home technologies
Needs of assistance and care - Experience with disabilities

1 Introduction

Diseases and disabilities are omnipresent challenges for today’s society. Particularly in
the context of demographic change, a steadily increasing number of older people and
people in need of care pose strains for the care sectors [1, 2].

Coincidently, most of the older people desire to live at their own home as long and
as autonomously as possible [3]. Hence, connected with the rising age of people and
their willingness to stay at home as long as possible, age-related diseases (e.g., car-
diovascular diseases, diabetes, or dementia) are greatly relevant and rise continuously
[4-6]. However, they represent only one side of the coin as age-independent diseases
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and disabilities are also of importance causing huge needs of care and assistance as well
[7]. Further, a new phenomenon of a first generation of “old and disabled” people needs
to be taken into account: on the one hand, this development is enabled by medical and
technical innovations in healthcare, e.g., new medicines and inventive therapies; on the
other hand, this development is also influenced by the specific historical background of
euthanasia offenses (especially in Europe), in which disabled people were systemati-
cally aborted, deported, and even murdered [8].

Summarizing, age, diseases, as well as disabilities must be considered while ana-
lyzing increasing needs of care and related challenges. Yet, there are technical single-
case solutions and complex ambient assisted living (AAL) or smart home technology
systems [9] that address these challenges. These developments already enable systems
that monitor (medical) parameters, detect falls and positions, or facilitate living at home
using smart home technology elements [10—12]. Besides technical single-case solutions,
current research focuses also more and more on holistic systems, that unite different
functions and are especially adaptable to individual needs of diverse user groups.

To realize technical systems that meet the requirements of diverse user groups, it is
necessary to analyze whether, to which extent, and under which conditions such sys-
tems are accepted and also to what extent those evaluations depend on user factors. So
far, there have been several studies investigating the acceptance of AAL and smart
home technologies focusing on influencing demographic factors such as age (e.g., [13,
14]) or gender [15]. As disabled people have hardly been considered yet, this paper
analyzes the acceptance of AAL systems with focus on people having different per-
spectives and experiences with disabilities.

2 Smart Home Technologies and Acceptance

This section illuminates the technical and acceptance-relevant historical background for
the underlying research approach. First, the most important developments concerning
AAL and smart home technologies are summarized. Further, key aspects of the the-
oretical background with regard to technology acceptance research is presented
focusing on potential influencing user diversity factors. Finally, an overview of current
acceptance research on AAL systems and the starting point for the underlying research
approach are given.

In the last decades, the use of Information and Communication Technologies
(ICT) in everyday life has been studied [16] and different options of monitoring are
enabled by integrating ICT (e.g., microphones, cameras, and movement sensors) into
people’s living spaces. To date, the amount of commercial smart home technology
systems as well as smart home and AAL research projects increased continuously.
These systems enable smart home functions (e.g., sensors for lighting and heating
control, sensors for automatic opening of doors and windows), fall detection as well as
other health care applications (such as a reminder for drugs or blood sugar measuring)
and are available for an integration in home environments (e.g., [17, 18]), hospitals
[19], and nursing homes [20]. Different research projects focus on the development of
holistic systems as well (e.g., [21, 22]) and some of these projects attach importance to
integrate future users (in most cases older people) iteratively in the development
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process [23]. As the users’ perspective is decisive for a successful integration of
technologies in their everyday life, a user-centered design and development is neces-
sary. Until now, smart home and especially AAL technologies are not systematically
integrated in private home environments (in contrast to professional care contexts),
although they have the potential to facilitate the everyday life of older, diseased, or
disabled people. To understand the perception of smart home technology systems (and
underlying usage motives and barriers), potential users and their perceptions, their
mental models about aging as well as their wishes must be focused.

So far, smart home technologies have mostly been perceived and evaluated posi-
tive, while especially the necessity and usefulness of technical support have been
highly acknowledged [22, 24]. Within these evaluations, the possibility of staying
longer at the own home and an increased independency are relevant motives to use
smart home and AAL systems. In contrast, the most relevant concerns and acceptance
barriers deal with feelings of social isolation (e.g., [25]) and surveillance as well as
invasion of privacy (e.g., [26]) if people were asked to think about a concrete inte-
gration of a system in their living environment.

To comprehend the trade-off between perceived benefits and barriers, analyses of
technology acceptance and user diversity are needed considering not only traditional
technology acceptance models (e.g., TAM and UTAUT) as they have been developed
in completely different contexts and might thus not be applicable. In contrast to con-
ventional ICT, smart home technology and AAL systems address especially older,
diseased, and frail people with individual requirements, wishes, and concerns [27].
Hence, we assume that those specific user groups weight perceived benefits and bar-
riers differently and show diverse acceptance patterns concerning assistive technologies
and systems. In the following, an overview of acceptance research findings focusing on
user diversity and different user group perspectives is presented.

To understand the elderly’s perception of smart home and AAL technologies,
numerous focus groups [28, 29] and interviews [24] with people (aged above 60 years)
show similar recurrent results: perceived benefits in terms of staying longer at home,
understanding the imminent lack of care staff, and the chances of AAL technologies
contrast with concerns about dependency on technologies, the lack of personal contact
as well as data security and privacy (e.g., [30]). Additionally, recent projects on smart
home and AAL labs, e.g., Soprano [21], Philips Research Care Lab [31], eHealth
Future Care Lab [32], have understood to integrate particularly older users into the
design, development, and evaluation processes.

So far, previous research for smart home and AAL technologies has focused on
elderly people with age-specific illnesses. In contrast, the acceptance of such tech-
nologies for disabled persons still needs more and specified research attention. While
such assistive technologies could be specifically useful to support the inclusion of people
with disabilities into society, to improve mobility and communication as well as to hold
down a job, nearly any study so far investigated age and disability in depth. Some studies
analyzed how diverse diseases and disabilities affect the use of assistive technologies
(e.g., [33, 34]) and investigated why a high proportion of available technologies are
rejected. Frequently, these analyses (focusing on technology acceptance of diseased or
disabled people) remain on a theoretical basis and are in parts unspecific and superficial
as they did not integrate disabled people. This is precisely where research is required:
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disabled people have to be integrated in the design process of assistive technologies and
the care-relevant user factors age, diseases, and disabilities should be focused.

To understand requirements and perceptions of disabled people in need of care, it is
also important and useful to integrate and consider the perspectives of professional and
family caregivers. So far, some studies [35, 36] have examined the requirements and
professional and family caregivers’ perspectives on AAL systems and technologies
separately. Another study focused on future users (caregivers and patients) and their
perceived concerns related to in-home monitoring technologies [37]. On the one hand,
these studies enable first insights into diverse user perspectives on the acceptance of
assistive smart home and AAL technologies. On the other hand, they do not allow a
direct comparison of the perspectives of “affected people” (older, diseased, or disabled
people) with family or professional caregivers compared to “not-experienced” people.
Summarizing, there is sparse knowledge about the acceptance of smart home and AAL
technologies regarding disabled people and people with special care needs as well as
other care-relevant user factors. This is especially true for the perspectives of user
groups with different experience and domain knowledge - disabled people, their rela-
tives and family members as well as professional caregivers. For this reason, the current
study focuses on the acceptance of assistive smart home technology systems with
regard to people having different experiences with disabilities and resulting care needs.

3 Capturing Motives and Perceptions: Qualitative Insights

We choose a multi-method approach for our study consisting of a qualitative interview
study and a consecutive quantitative questionnaire study. In this section, the research
design is presented starting with a description of the qualitative interview study, which
was taken as a basis for the subsequent quantitative study. Our approach addressed
three essential research questions:

1. How do the participants evaluate a smart home technology system and which
perceived benefits and barriers are most relevant for its acceptance?

2. To which extent does experience with disabilities influence the system’s evaluation
and the perception of benefits and barriers?

3. How are the relationships between perceived benefits, perceived barriers, trade-offs,
acceptance, and experiences with disabilities (as user factor)?

As it was detailed in Sect. 2, previous research on the acceptance of AAL tech-
nologies was mostly focused on older users. In contrast, there is only sparse knowledge
about developing AAL technologies for people with disabilities and also rarely research
on the acceptance of AAL technologies focusing on users with different experiences
regarding disabilities. Those diverse perspectives (e.g., professional caregivers, relatives
and families of disabled people) are also of prime importance as they can support and
complete the understanding of potential disabled user’s needs and wishes. Hence, a
qualitative interview study was initially necessary to identify perceived usage motives
and barriers of usage. Only on this basis, it was reasonable to design and conduct a
quantitative study focusing on people having different experiences with disabilities and
resulting car needs (themselves, families and relatives, professional caregivers).
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3.1 Methodology and Design

The methodology of guided interviews was chosen for the preceding qualitative study.
Interviews in this sensible topic enable direct and personal contact to the participants,
reach a more personal level, and ensure detailed discussions about personal topics. The
interviews should provide insights into the desires, perceptions, and requirements of
disabled people and people in need of care.

The interview guideline was structured in different parts. After introducing the topic
and interview process, the participants were asked for demographic aspects as well as
for personal information with regard to disabilities (e.g., own experiences; type,
duration and symptoms of the disability). Afterwards, the participants were asked for
some information concerning their living circumstances (i.e., housing situations, daily
routine, incidental problems in everyday life).

Subsequently, a smart home technology scenario was read to the participants in
order to show them a possible technical solution quite plainly that has the potential to
facilitate their life. The scenario was used to create a basis for evaluation with regard to
all interview participants and was designed as a very personal everyday situation. The
participants should close their eyes while listen to the scenario and imagine that the
scenario took place at their own living environment. Within the scenario, the imple-
mented smart home technologies were not visible and enabled especially automatic
lighting control (by light sensors and motion detectors), a hands-free kit for commu-
nication (by microphone, video-camera, and monitor), automatic control of doors and
windows (by sensors and motion detectors), and memory functions (e.g., for drugs or
measurement of medical parameters via smartphone).

Following the scenario, the participants were asked for their opinions on the
described system as well as their ideas with regard to potential benefits and barriers. In
the next part, the participants were explicitly consulted to indicate which motives and
barriers were crucial for them and under which conditions they would use the smart
home system. Specifically, the trade-off between increasing autonomy and indepen-
dency on the one hand, and protecting own privacy and data security on the other hand
has been focused. Finally, the participants had the opportunity to make previously
not-mentioned, but for them personally important aspects a subject of discussion.

The guideline enabled that the conducted interviews were comparable, all relevant
topics were mentioned and discussed, and all relevant questions were asked. Still, at
any time, the participants could add questions, topics, and aspects, which were relevant
from their point of view.

The interviews were recorded and protocols with relevant information (date, time,
and place of interview, demographic information of participants) were prepared.
Afterwards, the interviews were transcribed and anonymized. The interview’s results
were analyzed by qualitative content analysis [38].

3.2 Participants

As interview partners, we searched for participants who are disabled or in need of care
themselves, relatives of disabled people in need of care, or professional caregivers of
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people with disabilities and care needs. The participants were recruited by personal
contact and via email to reach associations and advice institutions regarding disabilities
and care needs.

Nine participants (n = 9) were chosen and took part in the interviews that lasted
between 40 and 70 min. Three participants were female (male: n = 6) and the partic-
ipants were between 26 and 62 years old (M = 35.6). Seven interviewees indicated to
have disabilities (n = 7) (e.g., infantile cerebral palsy, arthrogryposis multiplex con-
genita). Three disabled participants indicated to require support and assistance by an
outpatient nursing service as well as support by a domestic help. Two participants made
use of assisted living facilities, while in each case one participant lived in a stationary
care institution and one participant needed currently no assistance in his everyday life.

Further, a relative of two disabled children (n = 1) and a professional caregiver
(n =1) took part in the study, who had both experiences with a broad range of
disabilities.

3.3 Key Results

As the qualitative study served as a basis for the subsequent questionnaire study, the
qualitative results were presented that are relevant for the subsequently presented
quantitative results (i.e., perceived motives and barriers concerning the smart home
technology system).

Potential Usage Motives. Eleven usage motives were identified during analysis.
Expansion of autonomy represented an important motive for all participants as it is of
great relevance for disabled people to are able to carry out everyday tasks autono-
mously. Closely related to this, the motive fo reduce dependency from others was
focused. Here, a participant (male, 32) took the example that he not wants to depend on
others “keeping entrance doors open” for him as he perceives it as a kind of pater-
nalism. Along with this, almost all disabled participants considered compensation of
mobility constraints as important usage motive of a smart home technology system.

Facilitating everyday life was another important usage motive and the participants
mentioned support for standing up and control of household appliances as examples.
Most of the participants also focused on the motive increase the feeling of safety by
using a smart home technology system, e.g., “...then you are able to look who is
standing in front of your entrance door...” (female, 27). As further usage motive some
participants mentioned the relief of caring family, relatives and professional care-
givers: for example, disabled participants expressed that they don’t want to ask their
caregivers for minor details (e.g., “control of music” (male, 31)).

Two participants considered fime savings as additional benefits by using a smart
home system (e.g., tasks in household, automatic opening and closing of doors). One
participant mentioned comfort as usage motive while it was not relevant for the other
participants as they want to be supported only in the respective areas where they
otherwise would need human assistance. Further, one participant mentioned that by
using technologies the confrontation with own care needs could be reduced. Staying
longer at the own home was mentioned as usage motive by the professional caregiver
as he had the experience with some older people who could stay at their own home by
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means of using specific assistive technologies. Finally, the interviews illustrated that
disabled people are in frequent contact with medical doctors and ministries: here, the
exchange and access of data is very time-consuming as well as problematic and two
participants assumed that an implemented system enables a fast data access.

Potential Usage Barriers. As one of the most relevant usage batriers isolation due to
the substitution of care staff by technologies was mentioned especially by the relative
and professional caregiver of disabled persons. In contrast, the disabled participants
discussed this aspect controversially: e.g., “I would clearly prefer it if a robot would
assist me on the toilet than care staff” (male, 33).

The usage barrier feeling of surveillance was discussed contrarily too: most of the
participants criticized the feeling of surveillance and perceived the technology partly as
an invasion in their own privacy, while a participant negated the feeling of surveillance
and argued that “smartphones already collect lots of information” (male, 33).

As further potential usage barrier, some participants feared a roo large proportion of
technology in their everyday life. Along with this, it was crucial that the applied tech-
nology is functional and hence, functional incapacity of technologies and systems — not
surprisingly — represented a central usage barriers. Accompanying, the applied system
should be easy to operate and control; therefore, the expectation of a too complicated
handling of the system also represented a usage barrier. Further, some participants
mentioned concerns regarding transmission of false information, e.g., falls alarms.

Two participants mentioned a potential usage barrier if more time is spent on
technology usage compared to human assistance (no effective time savings). In almost
all interviews it was mentioned that the system was perceived as useful if they are
needed:

113

. as I can do most everyday tasks on own, I would currently decide against the system.
However, I really like the opportunity to have it” (female, 37).

Along with this aspect, the interviews revealed that some people’s care needs are
that intensive that smart home technology are not relevant and usefully applicable:

“The system does not substitute complete assistance — if I am not able to take a shower myself,
then the system will not support me to do it” (female, 37).

The results concerning usage motives and barriers align with previous research
concerning several aspects (e.g., comfort, facilitating everyday life (e.g., [39]). How-
ever, the results are multifaceted and go beyond previous findings due to the reference
to disabilities and constraints (e.g., compensation, reduce confrontation with care
needs, to be afraid of isolation). Hence, these aspects must be examined quantitatively
to be able to do justice to diverse user groups and their different experiences with
disabilities and care needs.

Perception of Assistive Smart Home Technologies. To get insights into the partic-
ipants’ perceptions and attitudes towards the described system, the participants were
asked to describe their opinions using three associating words following the read
scenario. Analyzing the used words, differences between the participants were striking:
the relative and the caregiver predominantly used negative and critical words to
describe their perceptions of the scenario such as lonely, unhuman, heteronomous, and
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violation of personal rights and privacy. In contrast, the disabled participants used
more positive and fascinated words to describe their feelings and opinions. The most
associated words were exciting, facilitation, useful, helpful, and comfortable. These
results showed that a differentiation between the perspectives involved in caring situ-
ations is indispensable.

3.4 Conclusions for Quantitative Study

Within the individual interviews, we reached conversations on a very personal level
with each interview partner and thus, spontaneous, individual and open answers were
enabled. Regarding potential motives and usage barriers, 20 categories were defined
and the participants’ general attitude towards the introduced system was analyzed. The
interviews gave an impression of how complex the issues “care” and “disabilities” are
and how diverse the evaluation of assistive technologies can be if different user groups
were considered. Even though the participants had different priorities in the interviews,
we noticed, that all disabled participants expressed a distinctive wish towards inde-
pendency and autonomy: it was very important for them not to become too conve-
niently and to be supported only in the respective areas where it is necessary. Most the
participants emphasized the importance that disabled people or people in need of care
should decide on their own if, and if so which technology is used.

The presented qualitative results served as a basis for the conception of the
quantitative questionnaire. Additionally, the answers collected were used to create
items regarding the trade-off between potential usage motives and barriers. Further-
more, the qualitative results confirmed that it is important and necessary to integrate
people with different experiences concerning disabilities and needs for care and
assistance into the follow-up quantitative study and future studies as well.

4 Quantifying Motives and Acceptance: Questionnaire Study

To quantify the previously gained qualitative results, an online questionnaire study was
conducted focusing on people having different experiences with disabilities and care
needs. Within this section, the methodological design, the sample, and the quantitative
results are presented.

4.1 Methodological Questionnaire Design

Based on the findings of the previous interview study, we developed our online
questionnaire consisting of different parts. The first part addressed demographic
aspects, such as age, gender, educational level, and income. In the following part, the
participants were asked for their experiences with disabilities by indicating (a) if
themselves are disabled (b) if they are related to a disabled person, (c) if they are the
caregiver of a disabled person, or (d) if they have no experiences with disabilities.
Afterwards, the participants were asked to indicate, whether and to which extent (care
time, type of care, intensity of care) themselves (a, d) or the person they put themselves
in position with (b, ¢) needs care. As detailed attitudinal information, the participants
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evaluated several items concerning their needs for data security and privacy. Needs for
data security were evaluated using 14 items (o = .87), while needs for privacy were
assessed using eight items (o0 = .72).

A scenario was designed in order to ensure that all participants pertain to the same
baseline regarding the evaluation of the smart home technology system. The scenario
was conceptualized telling a very personal everyday situation wherein the participants
should imagine that an specific, invisible smart home technology system was integrated
in their home environment and contained the following functions: setting of the home
temperature using the smartphone, automatic control of light control using light sensors
and position localization, a hands-free kit for phoning enabled by integrated micro-
phones, automatic opening and closing of (front) doors and windows via integrated
sensors, monitoring of front door area by video camera, and fall detection by integrated
sensors in floor and bed.

Depending on their background (need of care, experience with disabilities), the
participants were introduced to the scenario differently. For cases b, c, and d, the
participants were asked to put themselves in the/a disabled person’s position (more
specifically the person they are related with or they care (b + c)) while answering the
questions concerning the smart home system scenario. Participants who indicated to be
not in need of care were asked to imagine that they would need care during the scenario.

Afterwards, the participants evaluated perceived usage motives (11 items) of the
system (e.g., to increase autonomy, to reduce dependency on others, to facilitate
everyday life, to relieve fellow people) and perceived barriers of usage (9 items) (e.g.,
feeling of surveillance, no trust in functionality, to assume a too difficult usage, to be
afraid of isolation) based on the findings of the qualitative interview study (see Sect. 3.2;
all items are illustrated in Fig. 2). Additionally, the participants evaluated two trade-offs
between perceived benefits and barriers: (a) autonomy and independency are more
important than data security (three items; o = .84) and (b) data security and privacy are
more important than the usage of smart home and AAL technologies (three items;
o = .71). In the following part, the participants should assess the acceptance or rejection
of the described system (by evaluating eight items, Fig. 1) including the behavioral
intention to use such a smart home technology system. All items had to be answered on
six-point Likert scales (1 = min: “I strongly disagree”; 6 = max: “I strongly agree”).

Finally, the participants had the opportunity to reason their opinions towards the
described system on an optional basis and to provide their feedback concerning the
questionnaire and the topic itself. For completing the questionnaire, the participants
took on average 15 min. Data was collected in an online survey in Germany (available
for 6 weeks) in summer 2016.

4.2 Sample Description

182 participants volunteered to take part (acquired by personal contact and distributed
online in social network forums). The participants were on average 38.7 years old
(SD = 13.95; min = 20; max = 81), 62.1% of the sample were female, 36.3% were
male, and 1.6% gave no answer asked for gender. Overall, the sample was highly
educated with 46.7% holding an university degree and 14.8% an university entrance
diploma.
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Asked for their experience with disabilities, 28% of the participants indicated to be
disabled (n = 51), 12.1% (n = 22) were professional caregivers, and 19.2% participants
were relatives of a disabled person (n = 35). As a control group, we also integrated
people without experiences regarding care and assistance needs caused by disabilities
(40.7% (n = 74) of the participants were not-experienced). Concerning current needs of
assistance and care, 43.4% (n = 79) participants indicated to need care or that the
person - they put themselves in position with (see Sect. 4.1) - needed care (56.6%
(n = 103) were not in need of care).

Correlation analysis revealed that the user factors were related only partially: not
surprisingly, experience with disabilities correlated with current care needs (r = .607;
p =.000 < .05). Age was not related with experience with disabilities (r = —.132;
p = .075 > .05) nor with current care needs (r = —.096; p = .197 > .05). Instead, age
was related with gender (r = .200; p = .007 < .05; 1 = female; 2 = male).

Further, the participants reported to have on average a positive technical
self-efficacy (M = 4.5; SD = 1.0; min = 1; max = 6) and a slightly positive attitude
towards technology innovations (M = 3.9; SD = 1.0; min = 1; max = 6). Additionally,
they indicated their needs for data security (M = 4.1; SD = 0.8; min = 1; max = 6) and
privacy M = 4.4; SD = 0.7; min = 1; max = 6), which both were on average positive.

4.3 Detailed Group Description (Experience with Disabilities and Care
Needs)

To understand the diversity of the user groups under study, their previous experiences,
as well as their requirements and needs referring to care and assistance are presented in
this section separately for each user group.

Disabled Participants (n = 51). Most of the participants with disabilities provided
corresponding information about the type of their disability (n = 44): paralyses
(in different extent) were mentioned very frequently (n = 17) (e.g., paraplegia, hemi-
plegia), followed by disabilities caused by muscle diseases (n = 9) (e.g., muscular
atrophy, muscular dystrophy) and neurological diseases (n = 7) (e.g., multiple scle-
rosis, Parkinson’s disease). Further, disabilities in terms of missing extremities (i.e.
legs) (n = 2) and other walking impediments (n = 9) (e.g., dwarfism, contracture) were
mentioned. Nearly half of the participants reported to be disabled by birth (47.1%), the
other participants reported to suffer from their disability a long time ago (in years:
M = 25.3; SD = 18.3; min = 3; max = 64). Two thirds of the participants reported to
be constantly in need of care (66.7%, n = 34). Most of them indicated to be assisted by
their families/partners in combination with professional care staff (n = 15) or only by
families/partners (n = 12), whereas few participants were assisted only by professional
care staff (n = 3). N = 23 participants reported to need assistance in the areas body
care, mobility, housekeeping, and nutrition, while only two participants needed
assistance in two of these areas (n = 9 in three areas).

Relatives of Disabled People (n = 35). Asked for the living circumstances of their
disabled relative, the majority (67.6%) reported that he/she lived together with the
family, while each 8.1% live alone, with partner, or in a flat-sharing community. More
than half (54.3%) of the participants indicated that their relatives are disabled by birth.
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82.9% of the participants (n = 29) reported that their relatives are constantly in need of
care, while the daily time for care was on average 7.4 h (SD = 6.8; min = 1; max = 24).
The majority of the disabled relatives in need of care is cared by their families and
partners (n = 15) or by professional care staff and their families/partners (n = 11). In
contrast, few participants were cared only by care staff (n = 3). Further, most of the
disabled relatives in need of care (n = 19) needed assistance in the following four areas:
body care, mobility, housekeeping, and nutrition. All of them (n = 29) needed assis-
tance in at least two of the mentioned areas.

Professional Caregivers (n = 22). Asked for the living circumstances of the people
the professional caregiver group maintained, they reported that 40.9% live in stationary
care facilities, 27.3% live with their family, 13.6% live alone, and each 9.1% in a
flat-sharing community and in assisted living. Further, they indicated that the majority
(81.8%) was constantly in need of care. In contrast to the group of disabled participants
who indicated to be physically disabled, the professional caregivers maintained people
with physical and mental disabilities (e.g., trisomy 21, autism). Almost all of these
people needed assistance in the areas body care, mobility, housekeeping, and nutrition.

Participants with No Personal Experience Regarding Disabilities (n = 71). 43.2%
indicated to live together with their partner, 24.3% live together with their family,
17.6% live alone, and 14.9% live in a flat-sharing community. Not surprisingly, none
of the not-experienced participants indicated to need care.

4.4 Key Results

First, the results were analyzed descriptively, followed by linear regression analyses
and by (M)ANOVA procedures to investigate potential effects of user diversity (level
of significance was set at 5%). Independent variable was the experience with disabil-
ities to analyze the influence of assistance and care needs on perceived benefits, bar-
riers, and acceptance as dependent variable. The results section starts with the
description of the findings for acceptance of AAL, perceived benefits, and perceived
barriers referring to the whole sample. Then, influences of user-specific characteristics
on perceived benefits and barriers as well as acceptance of smart home technologies are
reported [40]. Finally, the relationships between the perception of benefits and barriers
and smart home technology acceptance are focused, modelled, and complemented by
effects of user diversity.

General Acceptance of AAL. Aprior study [40] focused on acceptance of smart home
and AAL technologies, which was on average positively evaluated (M = 4.6;
SD = 1.0).

Zooming into the evaluation of the respective items (Fig. 1), the participants’
highest agreement was found for items referring to care needs (...due to care needs
M =4.7;,SD = 1.1) and ... reduce my care needs M = 4.5; SD = 1.3)). In compar-
ison, items with regard to the intention to use an AAL system were rated less positive
(e.g., I can imagine using AAL technologies now (M = 3.8; SD = 1.6)). The partici-
pants rejected all items that militate against usage similarly (e.g., I think AAL tech-
nologies are superfluous M = 1.9; SD = 1.1)).
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Fig. 1. Evaluation of AAL system acceptance [40].

Figure 2 (left) shows the results of the evaluation of perceived benefits of the AAL
system. Apparently, all items were perceived as benefits (above the scale’s mean).

The benefit fo facilitate everyday life (M = 5.2; SD = 0.9) was evaluated highest,
followed by fo expand own autonomy (M = 5.2; SD = 1.0), to extend staying at home
M =5.1; SD = 1.0), and to reduce dependency from other people M = 5.1; SD =

1.0). The items fo relieve fellow people (M = 4.9; SD = 1.1), to compensate reduced
mobility (M =4.8; SD = 1.0), comfort M =4.7; SD = 1.2), and to increase the
feeling of safety (M = 4.6; SD = 1.3) were lesser important. Time savings M = 4.3;
SD = 1.4), to enable fast data access (M = 4.0; SD = 1.4), and to reduce own conflict
with care needs (M = 3.9; SD = 1.4) were comparably minor important.

To understand which items are most relevant for the decision to use AAL systems,
we conducted a stepwise linear regression analysis with all perceived benefit items as
independent and the acceptance sum score as dependent variable. The results revealed
two significant models for the whole sample. The first model predicted 27.2% (adj.
1> = .272) variance of acceptance and was premised on the benefit 70 expand own
autonomy (f = 0.525; t = 8.279; p < .000). Hence, to expand own autonomy was the
most important benefit for the acceptance. The second model explained 29.2% (ad;.
r* = 292). Beyond the already identified factors, additionally the item time savings was
included. Therefore, time savings (f = 0.166; t = 2.459; p < .05) and fo expand the
autonomy (B = 0.462; t = 6.823; p <.000) were the most important benefits and
influenced the acceptance of the described system.

Figure 2 (right) illustrates the evaluation of perceived barriers of the system. In
contrast to the perceived benefits, none of the items was perceived as “real” barrier - as
all values were below the mean of the scale. Zooming into the items’ evaluation, the
participants perceived the system not as superfluous (M = 1.9; SD = 1.0) or irrelevant
(M = 2.4; SD = 1.1). They judged the usage not to be too difficult (M = 2.6; SD = 1.2)
and rejected fo have no trust in the functionality (M = 2.8; SD = 1.3). The items
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Fig. 2. Evaluation of perceived BENEFITS (left) and BARRIERS (right) regarding the
described AAL system scenario [40].

proportion of technology in everyday life is too high M = 3.0; SD = 1.5) and to expect
to have no “real” time savings M = 2.9; SD = 1.2) were slightly rejected by the
participants. This was also true for the item to be afraid of isolation M = 3.2; SD =

1.5). In comparison, transmission of incorrect information M = 3.4; SD = 1.3) and
feeling of surveillance (M = 3.4; SD = 1.5) were rated rather neutrally, thus, these two
items were the most likely barriers.

After descriptive analyses, a stepwise linear regression analysis was also conducted
in order to figure out which barriers influenced the acceptance of the system the most.
For this purpose, perceived barriers were integrated as independent and the acceptance
sum score as dependent variable into the analysis. The results revealed three significant
models for the whole sample. The first model predicted 35.1% acceptance variance
(adj. r* = .351) premised on the barrier AAL technologies are irrelevant (B = —0.596;

= —9.945; p < .000). Apparently, participants accept the AAL system only if it is
really needed and that they want to do as much as possible autonomously on their own.
The second model explained 41.7% (adj. r* = .417) and contained additionally the
barrier proportion of technology in everyday life is too high (p = —0.285; t = —4.624;
p < .000) (irrelevant (B = —0.484; t = =7.850; p < .000)). Ultimately, the final model
explained 42.9% (adj. r* = .429) and was premised on the factors ro be afraid of
isolation (B = —.139; t = =2.151; p < .000), proportion of technology in everyday life
is too high (p = —0.235; t = —3.591; p < .000), and AAL technologies are irrelevant
(B =-0.453; t =—7.228; p <.000). As the analyses of acceptance, benefits, and
barriers regarded the whole group so far, it was of importance to investigate whether
these factors differ even more regarding diverse user groups. Additionally, it was
important to analyze whether and to which extent the system’s acceptance differed
depending on users with different needs for assistance and care.



34 J. van Heek et al.

User-Specific Characteristics. For this analysis, the factor experiences with disabil-
ities was integrated as independent variable to analyze the influence of living with
disabilities on the acceptance, perception and evaluation of AAL systems.

User-Specific Acceptance of AAL Systems. The MANOVA analyses showed a sig-
nificant influence of experiences with disabilities (F(24,465) = 2.060; p < .01) on the
acceptance of the described smart home system. This influence occurred for all
respective items and is illustrated in Fig. 3.
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Fig. 3. Evaluation of acceptance depending on the user factor experience with disabilities [40].

The sum-score acceptance of AAL technologies was rated rather similar, except for
the professional caregivers who showed comparatively the lowest acceptance scores (F
(3,162) = 2.646; p < .1). With regard to two of the negative statements (...superfluous
F(3,162) = 2.895; p < .05) and ... don't like to have AAL technologies in the own
home F(3,162) = 4.907; p < .01), the professional caregivers showed the lowest
rejection. This showed, that they in tendency possessed a higher negative attitude
towards the described system than the other three user groups. This evaluation picture
occurred again for the item the intention to use AAL technologies to reduce care needs
(F(3,162) = 2.981; p < .05): the disabled participants, relatives of disabled people, and
not-experienced participants showed a clearly higher agreement, while the professional
caregivers showed the lowest acceptance scores. Interestingly, the group of
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not-experienced participants showed the highest agreement referring to the two “in
case of care needs”-statements. This evaluation pattern changed regarding the more
concrete intention to use item I can imagine using AAL technologies now, which was
clearly lower agreed by the not-experienced participants (M = 3.5; SD = 1.7) com-
pared to the group of disabled people (M = 4.3; SD = 1.3; p < .05, post-hoc-tests:
Tukey’s HSD).
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Fig. 4. Results of regression analysis — benefits & acceptance for experience with disabilities
groups [40].

User-Specific Evaluation of AAL Benefits. MANOVA analyses revealed no significant
omnibus effect of experiences with disabilities on the evaluation of benefits. In contrast,
some of the single benefit items were rated significantly different depending on the user
factor experience with disabilities. In a next step, we conducted a stepwise linear
regression analysis to investigate which benefits are most important and acceptance-
relevant for which user group and acceptance-relevant for which user group. The
results of the regression analysis referring to the experience with disabilities user
groups are illustrated in Fig. 4.

The final regression model for the group of disabled participants predicted 50.5%
(adj. r* = .505) of the system’s acceptance and was based on the benefits to expand
autonomy (P = .985) and to facilitate everyday life (f = —.564). For the group of
relatives of disabled people the model explained 37.5% of variance (adj. r* = .375;
B = .535) and for the not experienced group 25.5% (adj. r* = .255; B = .633) - in each
case based on the benefit 7o facilitate everyday life. For the professional caregivers, the
final regression model explained only 15.4% (adj. > = .154) of acceptance variance
and was premised by the benefit to relieve fellow people (p = .399).

User-Specific Evaluation of AAL Barriers. The same procedure was conducted for the
perceived barriers as previous MANOVA analyses revealed only a slight significant
omnibus effect of experiences with diseases (F(27,468) = 1.502; p < .1) and again
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single barriers were rated significantly different. The results of the final linear regres-
sion analyses for all experiences with disabilities groups are illustrated in Fig. 5.
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Fig. 5. Results of regression analysis — barriers & acceptance for experience with disabilities
groups [40].
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For the groups of relatives, the model predicted only 23.1% of variance of
acceptance (adj. r* = .231) and with the barrier the proportion of technology in
everyday life is too high (B = —.376). For the group of disabled participants, the model
explained 39.9% of AAL acceptance variance (adj. r* = .399) premised on the barrier
to perceive AAL technologies as superfluous (p = —.649). With regard to the group of
professional caregivers, the final model predicted 58.3% (adj. r* = .583) of variance
and was affected by the barriers) to perceive AAL technologies as superfluous
(B = —.293), usage seems to be too difficult (B = —.494), and 1o be afraid of isolation
(B = —.249). Finally, and referring to the not-experienced group, the final model
explained 60.2% of AAL acceptance variance based on the three barriers to expect no
“real” time savings (P = —.154), to perceive AAL technologies as superfluous
(B = —.520), and the concerns that the proportion of technology in everyday life is too
high (p = —.227).

4.5 Acceptance Model Relationships

In order to figure out how perceived benefits, barriers, and trade-offs between them are
related with the acceptance of smart home technology systems, correlation analyses
were calculated (see Fig. 6). The results showed that perceived benefits (r = .497;
p < .01) and perceived barriers (r = —=590; p < .01) were directly related with the
acceptance of the described system. Further, the integrated constructs dealing with
trade-offs between benefits and barriers were both related with acceptance: the tradeoff
that autonomy and independency as benefits are more important than data security
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(TO1) was related with acceptance (r = .438; p < .01) and - not surprisingly - with
perceived benefits (r = .486; p < .01). Further, the trade-off that data security and
privacy are more important than the usage of smart home and AAL technology systems

(TO2) was negatively related with acceptance (r = —.374) and — also not surprisingly —
with perceived benefits (r = .471; p < .01).
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Fig. 6. Model of relationships between perceived benefits, perceived barriers, and AAL
acceptance.

ACCEPTANCE

In a second step, we also included user diversity as well as attitudinal variables into
the analysis. Figure 7 illustrates the relationships between perceived benefits, barriers,
their trade-offs, and acceptance including user and attitudinal factors.

The grey arrows show that the attitudinal variables need for privacy and need for
safety were significantly related with the previously described acceptance model.
Correlation analyses revealed that the needs for data security were related with the
perception of barriers (r = .344; p < .01), however only marginally with the perception
of benefits (r = —.160; p < .1). Further, needs for data security were linked to both
tradeoffs TO1 (r = —.435; p < .01) and TO2 (r = .488; p < .01) as well as to accep-
tance (r =.—310; p < .01). Similarly, needs for privacy were related to perceived
barriers (r = .238; p < .01) as well as tradeoffs TO1 (r = —.339; p < .01) and TO2
(r = .460; p < .01).

The black arrows illustrate the influence of experience with disabilities within the
acceptance model. This factor significantly influenced the perception of barriers (not
the perception of benefits) as well as the acceptance of the described system. Inter-
estingly, experience with disabilities was also linked to the evaluation of trade-offs
autonomy and independency as benefits are more important than data security (TO1)
(F(3,178) = 2.995; p < .05) and data security and privacy are more important than the
usage of smart home and AAL technology systems (TO2) (F(3,178) = 3.968).
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Fig. 7. Model of relationships between benefits, barriers, and acceptance complemented by the
influence of user diversity factors.

5 Discussion

Sections 5.1, 5.2, and 5.3 provide discussions of the previously presented research
results as well as answers to the study’s underlying research questions (see Sect. 3.1).
Further, limitations and an outlook for future research in the field are presented
(Sect. 5.4).

5.1 Decisive Perceived Benefits and Barriers for Smart Home Acceptance

In accordance with previous research results [22], our results show that a holistic smart
home and AAL system with a wide spectrum of functions is overall accepted and rated
positive by all user groups. Referring to the context of care needs, the intention to use
the system is present and differs only slightly regarding the different user groups.
Whenever potential care needs are subject of discussion in an intention-to-use-context,
they are more important than other wishes or concerns and the AAL system would be
used in this regard.

Overall and referring to the whole participant group, the acceptance was more
predicted and explained by perceived barriers than by perceived benefits. The results of
the regression analyses for all participants reveal that expanding the autonomy was the



Living with Disabilities 39

beneficial factor with the biggest influence on acceptance followed by time savings.
Concerning perceived barriers, fo be afraid of isolation, proportion of technology in
everyday life is too high, and AAL technologies are irrelevant were the most
acceptance-relevant criteria. In parts, these results are in line with previous research
[39, 41], in which especially older participants were afraid of the proportion of tech-
nology and a potential isolation in consequence of technology usage. As mentioned
before, these new results in the context of experience with disabilities and resulting care
needs should be addressed and deepened in future studies. Interestingly, the evaluation
of perceived benefits and barriers as influencing factors for the acceptance of smart
home systems strongly depends on experience with disabilities and care (see Sect. 5.2).

5.2 The Perspective of Experience with Disabilities

Although the system was overall accepted and evaluated positive by all user groups
(see Sects. 4.4 and 5.1), some significant differences between the groups are striking
and are illuminated in this section.

If it was asked for the intention to use the system without mentioning the context of
care needs, significant differences between the user groups become obvious: in ten-
dency - disabled people and people in need of care indicate a clearly higher acceptance
(intention to like to use an AAL system currently or to install an AAL system in their
home environment) compared to healthy people without personal experiences with
disabilities or care needs. Thus, the fact that people are concerned with health issues
and care needs influences the AAL system acceptance. This is a common research
finding regarding age as previous research revealed that older participants show higher
acceptance scores of assisting technologies than younger people [41]. However, this is
a comparatively new phenomenon concerning diseases and disabilities. Focusing on
different experiences with disabilities, the evaluations of the professional caregivers
group are striking as they indicated to have a more negative attitude towards AAL
systems in comparison with all other groups [42]. Particularly, this was obvious during
the statements in the interview studies, in which the professional caregivers described
AAL systems in parts as spooky, impersonal, or inhuman. Due to previous research
findings and current studies, we assume that professional care staff takes a more critical
attitude than other user groups due to concerns about a difficult handling of the tech-
nology, concerns to be replaced by technology, and also due to a lower general trust in
technology. Hence, future studies should focus especially on professional caregivers
and analyze their requirements and wishes to be able to integrate them into the
development of smart home and AAL technologies and finally, to increase their
openness and acceptance of such technologies in professional care contexts.

The evaluation of motives to use and perceived barriers not to use an AAL system
differed also regarding user diversity. As a first aspect, it is striking for the group of
disabled participants, that the main perceived benefits carry greater weight than the
perceived barriers (see Sect. 4.4). The disabled participants of our study associate the in
the scenario described AAL system as helpful, very useful, and comfortable. It is most
important for them that the applied technical system helps to expand their autonomy. In
contrast, facilitation of everyday life is a comparatively incidental or even not desired
benefit as most people of this group want to cope with as much everyday tasks as
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possible on their own. Hence, smart home and AAL technology systems could be very
enriching for disabled people as they have the potential to help those people to help
themselves. In contrast, the most important barrier for this participant group represents
the aspect that the use of technology is seen as superfluous. As this refers to the
concern that the technology undertakes tasks the people would like to do autono-
mously, it represents the most important benefit’s counterpart and highlights the
importance of autonomy for this specific user group.

Referring to the perspective of relatives of disabled people, their acceptance results
can be best compared with the disabled people’s perspective: for them, also the per-
ceived benefits are in tendency more important than the perceived barriers. However,
this is not true for the most important usage motives: in line with previous results [39]
(but in contrast to the results of the disabled participants group), for the not experienced
group, the relatives, and the professional caregivers groups, the benefits facilitation of
everyday life and relief of fellow people are the key motives to use AAL systems.

Focusing the not experienced and the professional caregivers group, the perceived
barriers carry clearly more weight than the perceived benefits of smart home and AAL
systems. This fits the results of the qualitative study, in which the professional care-
givers described the system primarily as spooky and undesirable (see Sect. 3.3).
However, there are also differences between these two groups as they weight the
perceived barriers differently. For the professional caregiver group, concerns about a
difficult usage of the technology is relevant. We assume that this is due to concerns that
the workflow is affected and slowed down by technical and especially handling diffi-
culties. In contrast, doubts about a too high proportion of technology and if the
technology is really necessary are relevant barriers for the not-experienced group.

Summarizing, this study’s results show that the acceptance of smart home and AAL
systems depends on the user factor experience with disabilities and resulting care
needs. Besides acceptance, the motives for use or non-use of the described system
differ with respect to user diversity. Based on the presented results, we suggest
including disabled people into early development stages of smart home and AAL
technologies to reach technical solutions that are personalized and sufficiently adapted
to individual requirements. Equally, professional care staff should be integrated in
future studies as they present the most critical users. Thus, not only facilitating and
management of everyday life can be ensured at home but also at professional care
environments and contexts.

5.3 A Holistic View: Relationships Between Benefits, Barriers,
and Trade-Offs

Although the presented model shows that perceived barriers influence the acceptance
more strongly than perceived barriers, the direct trade-offs between them are pre-
dominantly evaluated in favor of the benefits and system usage. The weightings and
trade-offs between perceived benefits and perceived barriers clarify the importance to
conceptualize respective communication and information strategies thoroughly. By
providing easily comprehensible information about the usage of the system, the data
handling, technical characteristics as well as the potential applications of the system,
concerns and fears could at least be reduced.
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The model as well as Sect. 5.2 also illustrate that user diversity clearly shapes smart
home and AAL system acceptance. Besides experience with disabilities, especially
needs for privacy and data security present factors that are extremely relevant for
acceptance as well as for the perception of benefits and barriers within the present
study. This is detailed in another study [43] and in line with numerous previous
investigations in the field of AAL and smart home acceptance research [26, 39],
wherein data security and privacy mostly present perceived barriers and thus,
acceptance-relevant criteria.

5.4 Limitations and Future Research

Although the presented two-step empirical study revealed insights into the acceptance
of smart home and AAL systems considering users with different experiences con-
cerning disabilities, some limitations concerning methodological approach and sample
should be considered for future research in this field.

Initially, the study was a first approach comparing users with different experiences
in the context of care and disabilities; therefore, we concentrated on the evaluation of
crucial benefits and barriers as well as on the acceptance of our described system in
general enabling smart home (e.g., heating, lighting) as well Ambient Assisted Living
functionalities (e.g., remembering, monitoring). In future studies, we will be able to
integrate more detailed aspects, e.g., relationship between privacy and safety, detailed
data security evaluation (period and kind of data storage, data access), that have not
been considered so far. Second, the study focused on a holistic multi-functional and its
evaluation and not on an evaluation of single technologies and functions as they have
already been largely researched. It would be very interesting to analyze if scenarios
with slightly divergent descriptions (e.g., adding or changing functions) of a holistic
AAL system will be evaluated differently. Of course, the scenario-based approach of
our study must be noticed: the evaluation based on a fictional and not on a real AAL
system and therefore, we will conduct an evaluation of the real system and will
compare the scenario-based and real evaluations as soon as the system is ready to be
integrated in care institutions as well as private home environments.

Further, there are also some aspects concerning the sample which should be con-
sidered for future studies. The study’s sample size was adequate, but the study should
be replicated in even larger and especially more representative samples: this was
especially true for gender because the sample contained a higher number of women
than men. In our sample, age was not related to disabilities or current care needs and
therefore our study reached younger as well as older people with disabilities. Never-
theless, it is desirable to try to reach a higher proportion of “old and disabled” people in
order to be able to focus on the new phenomenon of “old” disabled people [8] and on
the requirements and wishes of these people. A last cultural aspect refers to the fact that
the present study addressed German participants and represents a single country per-
spective with a country-specific health care system. Thus, a comparison of smart home
and AAL technology acceptance depending on different countries and their specific
characteristics would be desirable to compare future user needs culture-specifically.
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6 Conclusion

Addressing the increasing challenge to tackle demographic change and care of elderly
and disabled persons, the development of smart home and AAL technologies is a
promising approach. The acceptance of users and the broad willingness to use these
technologies at home represent the critical cornerstone for a sustainable adoption of
those technologies. While research increasingly provides differentiated insights into
acceptance research in the context of age and generation, so far, sparse knowledge is
prevailing about the acceptance of disabled persons and resulting care needs.

The current study therefore concentrated on the perspective of persons having
different experiences with disabilities and care needs. A two-tier approach was pursued:
First, a qualitative interview was conducted to gain insights into opinions, wishes, and
needs of disabled persons. In addition to the affected persons themselves, we also
included relatives of disabled persons, professional caregivers, and, as a control group,
persons without experience with disabilities. Second, a questionnaire study was carried
out, in which we explored perceived benefits and barriers, use conditions, and
acceptance of AAL technologies.

The results showed that acceptance as well as perception of benefits and barriers
regarding AAL and smart home technologies depend on user diversity and particularly
usage motives and barriers are pronounced and weighted differently referring to user
groups having different experiences with disabilities and care needs.

The presented study enabled an identification of user-specific benefits and barriers
of smart home and AAL technologies as well as building an acceptance model con-
taining perceived benefits, perceived barriers, their trade-offs, system acceptance and
the influence of user diversity factors. Thus, the current study contributes to a deeper
understanding of user-specific AAL and smart home technology acceptance focusing
on disabilities and care needs. A premature and iterative integration of users with
different experiences and needs in the development process of assistive technologies is
not merely desirable but also necessary to increase user acceptance and adoption in the
context of innovative AAL and smart home technologies.
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Abstract. Proactive support of patients with chronic diseases such as
Congestive Heart Failure is vital since the recovery from a critical condition
usually presents complications and it is not always possible. Although emer-
gency situations may occur without prior warning, still in the majority of
emergency cases, there are “signals” that precede their appearance. By capi-
talizing on technology developments that are changing the way how healthcare
services are provided, we propose a multi-parameter and multi-level data
analysis approach in order to detect possible alarms which can then trigger
proper preventive medical interventions. The main contribution of the presented
approach is a methodology that combines selected health parameters that can be
measured in a home environment using ambient assisted living technologies,
with clinical history, in order to design a risk detection system for a chronic
disease based on a Bayesian reasoning network. The added value of the pro-
posed approach is that the system not only collects, processes and transmits vital
measurements to the healthcare experts but also detects risks within the collected
data. The system developed is discussed in detail as well as the validation
process performed both on a technical and a medical level.

Keywords: Risk prevention - Bayesian network - Chronic diseases
Medical knowledge modelling - Remote healthcare - Multi-layered architecture
Sensors - Pervasive computing - Ambient assisted living

1 Introduction

World population aging is accompanied by a significant increase of chronic diseases,
such as Congestive Heart Failure (CHF) and Diabetes Mellitus (DM). The cost of
managing chronic diseases is huge representing 48% of global GDP (Gross Domestic
Product) in 2010 and estimated to approach at a global level 30 trillion US$ in the next
two decades [1]. At a national level, treatment expenses can be high and the loss of
labor due to chronic diseases can make a substantial dent in a country’s productive
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capacity. Additionally heavy burdens are put in the care system for the management of
patients devoting resources directly or indirectly to prevention, screening, treatment
and care. These difficulties render the management of such medical problems at home
as an extremely attractive solution.

However, the management and treatment of chronic diseases at home presents
many challenges for patients, their caregivers and health professionals, particularly
with respect to the prevention and treatment of dangerous situations and complications
such as deregulation-hospitalization in patients with CHF or hypoglycemia in patients
with DM. Telemedicine monitoring of patients with chronic conditions has been
proposed as an alternative for patient monitoring and early risk detection, however the
plethora of parameters that accompany their remote monitoring, create challenges in the
management of telemedicine services [2].

The development of information and communications technology systems that
integrate modeling of medical knowledge and using of advanced processing techniques
on medical and other data can assist the physicians in a diagnostic level, and contribute
effectively to the prevention of health risks for the patients. In this perspective we
present here the development of a home-based system for supporting CHF patients and
addressing the early detection and management of health risks. At the heart of the system
lies a multi-parameter analysis process for the early detection of critical medical con-
ditions in CHF patients using artificial intelligence methods for modeling the medical
knowledge and algorithmic data processing techniques to extract diagnostic features.

The main contribution of our approach is a methodology that combines health
measurements that can be taken in a home environment using ambient assisted living
technologies, with clinical history, in order to design a risk detection system for CHF
that uses a Bayesian reasoning network. The added value of the proposed approach is
that the system not only collects, processes and transmits vital measurements to the
healthcare experts but also detects CHF risks within the collected data.

The rest of the text is structured as follows. In Sect. 2 we elaborate on the Bayesian
Network model we have used to represent the domain knowledge and build a proba-
bilistic reasoning method. Furthermore, related work is discussed and compared to our
approach. Section 3 introduces the multi-parameter and multi-level data analysis
approach that is followed in order to detect possible alarms which can then trigger
proper preventive medical interventions. In Sect. 4 we discuss details of system
development in terms of the logical layers found at the endpoints of the client-server
architecture followed and the tools used for measurement scenario management and for
system implementation. Section 5 gives information on the validation process per-
formed both on a technical and a medical level. Finally, Sect. 6 gives our conclusions
and suggestions for future work.

2 Background

In the domain of disease diagnosis many approaches have been proposed using Arti-
ficial Intelligence techniques, however, because on the one hand the expert knowledge
in the medical domain is very important and on the other hand the experts want to
clearly distinguish the way a diagnostic algorithm reaches a conclusion, Bayesian
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Networks (BNs) and in particular a variation for continuous data, called dynamic BN,
have been popular and at the same time a powerful approach [3, 4].

A BN is a graphical model, in particular a directed acyclic graph (DAG), which can
express probabilistic relationships among a set of nodes or variables whereas arcs
represent causal relations among the variables [5]. BNs have been used, for example, to
model domain knowledge with a perception of causal effects for asthma case finding
[6], for pneumonia [7], for hyper-kinetic disorder [8] and for early detection of
hyperglycemia in patients with diabetes [9]. BN-based diagnostic systems for heart
failure have been also developed [10] while the typical approach for BN construction is
the use of clinical data [11].

BN model construction requires the specification of Conditional Probability Tables
(CPTs) which denote the statistical dependence of the corresponding variables. How-
ever, for a specific variable, the number of parameters in the CPT is exponential to the
number of parent nodes in the BN and thus can be prohibitive for the BN building. An
approximation that considers a causal independence among the parent nodes that model
causes related to the child node that model the effect can significantly reduce the
dimensions of a CPT. This assumption is known as the Noisy-OR model [12] giving a
logarithmic complexity on the number of parameters required for the CPT.

A critical question that arises when using the Noisy-OR model to build a BN is
whether the performance of the network’s reasoning is affected. There have been many
studies that examined the effects of using this approximation for specifying the CPTs of
a BN. For heart failure diagnosis the Noisy-OR model was successfully used to alle-
viate the difficulties involved in providing statistical data for all possible combinations
of predecessor variables that, all or some combination of them, may cause heart disease
[11]. For asthma case finding, an empirical study compared the original BN which was
constructed from clinical data taken from a large medical database, with a BN that
constructed using the leaky Noisy-OR formalism [6]. Comparison of the two methods
concluded that the causes of asthma are independent and therefore both BNs had
similar results, proving that the Noisy-OR approach is a strong assumption and a valid
construction method for Bayesian reasoning networks. In a similar comparative study
related to the early detection of classical swine fever original probabilities of the BN
were replaced by Noisy-OR calculated probabilities with the involvement of the
domain expert without affecting the sensitivity of the reasoning network [13]. The
consistency of the outcomes reported by the above and similar studies led us also to use
the Noisy-OR model in our approach for the early detection of CHF risks.

Focusing on heart failure risk detection many approaches have been proposed. An
example is an early warning system for CHF using a BN which combined weight and
blood pressure data with the location of the user and context-specific health questions
in order to calculate a risk probability [14]. In another case researchers proposed a
prediction rule to detect low-risk patients with heart failure by analyzing through
classification trees a large data set including parameters such as demographics, clinical,
laboratory, electrocardiographic and radiographic results [15]. The same clinical data
sets and variables were also used to develop algorithms that perform Bayesian model
averaging over a set of models using the characteristics of a specific patient to provide
heart failure prediction [16]. Such approaches represent research efforts to develop



Home-Based Multi-parameter Analysis for Early Risk Detection 49

decision making systems at a laboratory environment and not home-based systems to
support early CHF risk detection by using ambient assisted living technologies.
Finally, a number of home-based wearable real-time monitoring systems have been
proposed by researchers for continuous medical care of patients [17-19]. However,
most of such systems collect, process and transmit vital measurements to healthcare
experts in order to remotely monitor their patients, but they generally don’t detect CHF
risks within the collected data. This is the main difference compared to our system.

3 Multi-parameter Analysis

A risk detection algorithm that performs multi-parameter and multi-level data analysis in
order to detect dangerous situations for patients with chronic heart failure is the core of
the proposed system. Figure 1 depicts the overall structure of the risk detection algo-
rithm for CHF patients. Multi-parameter data analysis involves a combination of
medical measurements and clinical history. Medical measurements include systolic/
diastolic blood pressure, heart rate, blood oxygen saturation and electrocardiograph. The
clinical history includes clinical measurements specified in the European System for
Cardiac Operative Risk Evaluation (EuroSCORE) model that are used in order to cal-
culate the patient risk according to the logistic formula given by EuroSCORE II [20].

The data processing is performed at multiple levels including: (i) medical analysis
of measurements based on decision rules which use threshold values specified by
medicine science; (ii) statistical analysis of biological data to detect considerable
variations between the current measurements and the corresponding medical history
data of the same patient; (iii) clinical history data processing which uses EuroSCORE II
risk calculation as a method to assess the health risk status for patients that have been
operated for heart failure; and (iv) a Bayesian reasoning network which gets as evi-
dence variables the output of the medical analysis and the EuroSCORE II risk

Risk Detection Algorithm Output

—

Statistical Analysis

> Pre-alarm

Medical
Measurements

Risk
Detection
(alarm)

Medical Analysis

Medical Measurements B .
\ Data Processing / ayes'?"
Reasoning

Network

EuroSCORE Il Calculation

Clinical History
Data Processing

Fig. 1. Multi-parameter, multi-level data analysis for CHF risk detection.
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calculation to assess an overall risk level. On the output pre-alarm indicates initial
evidence which is not considered critical but should be taken into account for further
assessing patient’s health state. Alarm indicates evidence that is considered as an
emergency for patient’s health and requires immediate intervention.

In the following sections we briefly present the various levels of data analysis.
A more elaborated description given by the authors can be found in [21].

3.1 Medical Data Processing

In this category of data processing medical measurements are taken regularly at home.
As shown in Fig. 2, there are two data processing steps applied by the risk detection
algorithm on the medical measurements before outcomes are provided as evidence
variables in the Bayesian reasoning network: statistical and medical analysis.

* Blood Pressure
Medical \ * Heart Rate
Measurements  JEMCLSCITE
\ o Electrocardiogram

Statistical
* Deviation Index Metric

Analysis ¢ Average values

(pre-alarm?)

Medical o Classified as
Analysis normal/abnormal

Bayesian

Network

(alarm?)

Fig. 2. The medical data processing flow.

The statistical analysis step of the risk detection algorithm uses the deviation index
(DI) metric, which is the z-statistic quantity of Statistical Theory measuring the
deviation of the measured value of a variable x, from the average value p of the same
variable in standard deviation & units of its distribution [22]:

X—H
DI = 1
: (1)
A high value of instant DI corresponds to a significantly differentiated measurement in
relation to the history of the measurements and thus this is assessed as a component of
the pre-alarm status for a patient. The deviation index value for a variable x is then
categorized based on medical expert empirical knowledge according to the formula [21]:

0 DI<1.5
CDL,=<¢1 15<DI<3 (2)
2 DI>3
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For DI > 3 the observed value occurs with probability less than 0.3% and this signifies
a strong pre-alarm. For 1.5 < DI < 3 the observed value occurs with probability
approximately 13% and signifies a moderate pre-alarm. For DI < 1.5 the observed
value occurs with probability approximately 87% and signifies a normal state. The
output values of the statistical analysis are fed to the medical analysis component for
further processing.

The medical analysis step of the risk detection algorithm examines whether medical
variable measurements are exceeding normal value ranges in order to be classified as
normal or abnormal based on criteria related to the patient profile (Table 1).

Table 1. Medical parameters and their normal value ranges [21].

Parameter Normal range

ECG QRS width/amplitude | 60-110 ms/ <1 mV
ECG P-wave width/amplitude | 80-110 ms/ <0.1 mV
ECG T-wave width/amplitude | 160-200 ms/ <0.25 mV

Heart rate 60-100 bpm
Systolic pressure 100-130 mmHg
Diastolic pressure 60—85 mmHg
Blood oxygen saturation 96%—-100%
Temperature 36.1°C-37.4°C

The Electrocardiogram (ECG) signal is a basic parameter giving evidence of the
electrical activity of the heart. Figure 3 shows a typical ECG signal with its constituent
segments identified as the P wave, the QRS complex and the T wave referring to
depolarization or repolarization of the heart [23]. The R-R interval variable denotes the
time between two consecutive R waves and a time series of this variable is used to
calculate heart rate in beats per minute (bpm).

1 R-R Interval

Fig. 3. ECG waveform.

3.2 Clinical History Data Processing

Clinical history is classified into three data categories: risk factors related to the patient,
to the heart health and finally to the heart operation, as defined in EuroSCORE II model
[20]. As shown in Fig. 4, the risk detection algorithm in this data processing
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Fig. 4. The clinical history data processing flow.

component calculates the EuroSCORE 1I risk and then categorizes it as low, medium or
high before feeding it as evidence variable in the Bayesian reasoning network.

The following formula calculates the patient risk as defined by the EuroSCORE 11
model [20]:

o(Bo+ Do Bi+x)
SCORE = 3
¢ 1+e(ﬁo+ Zﬁﬁrxi) ( )

where e the natural logarithm base, f§, equals to —5.324537, x; is a binary variable
representing a specific risk factor and f; is the variable’s corresponding coefficient as
defined in [20]. The calculated value is then categorized according to the following
formula suggested by the euroSCORE model and is fed to the BN [21]:

LOW  if eSCORE < 0.03
eSCORE = { MEDIUM if0.03 < eSCORE < 0.07 (4)
HIGH  if eSCORE > 0.07

3.3 Bayesian Reasoning Network

The basic concept in BN is that probabilities can be assigned to variable values and by
applying the Bayes laws these probabilities can be updated given new measurements
[12]. There are two main methods for constructing BNs when trying to model a
particular situation (Fig. 5). The first is the knowledge representation approach, in
which the domain knowledge is captured into a BN with the assistance of the domain
expert. The second method is based on learning from data, where the structure, the
probabilities or both can be learned from a given database.

The lack of adequate clinical data as well as the need of having less computational
demands and smaller model in size guided us to construct the BN by surveying the
relevant literature and consulting the domain experts. Moreover, with this approach we
can have a significant amount of discrete binary variables, allowing us to benefit from
computational techniques.
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Fig. 5. Bayesian network design options.

Given a problem domain one needs to define the BN model structure. CHF disease,
in our case, is related to many causes and effects [24]. Relevant literature was explored
to determine parameter dependencies and the original conditional probabilities
employed in the BN model [11, 25, 26]. For instance, we found that the prognostic
importance of systolic and diastolic blood pressure is well known [28]. Moreover the
heart rate parameter is also considered as a predictive factor of CHF risk for seniors
whereas the ECG parameter establishes a diagnostic factor. Besides the knowledge
extracted by surveying medical studies, in-depth discussions with medical experts
provided the proper guidance in order to streamline the network with only the variables
that are appropriate in the specific problem domain, to fine-tune conditional proba-
bilities in specific edges of the BN model and to specify validation rules for detecting a
CHF risk. Nevertheless, an important factor for choosing the basic BN variables was
their appropriateness with respect to gathering the relevant medical measurements in a
home environment.

So, in our constructed model there are five evidence variables. Four of them rep-
resent categorical medical variables provided by the medical analysis phase, which can
take one out of two values abnormal/high or normal. The fifth is the categorized
EuroSCORE I risk value derived by Eq. (4), which can take one of three values low,
medium, high. For the calculation of conditional probabilities and because both parent
and child nodes in the BN model are binary variables we can assume a causal inde-
pendence among the modeled causes and their common effect and therefore we can
apply the Noisy-OR model. According to this model each of the parent variables 7; is
considered as a possible cause of the child variable 7, which can cause the effect by
itself, with a certain probability p;. Then the probability that the child variable is TRUE
is given by the following equation [21]:

pa={T}p)=1- ] (1-p) (5)

v, €l

where the product contains only the factors corresponding to parent variables that are
TRUE (y, € I'r).
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In our case we use a variant of the Noisy-OR model called the leaky Noisy-OR
approach which attempts to solve the practical problem that not all causes of an effect
can be modeled in a BN [29]. This model uses the notion of p;..x, which is the total
probability of the causes that have not been modeled and can be regarded as one of the
causes which may cause the result. In this case Eq. (5) is updated as follows [21]:

p(n={T}y) =1~ (1 - pea) [T (1 = p1) (6)

VzeFT

Figure 6 shows the probabilities of each variable in the case when no evidence is
provided, i.e. the risk probability calculated by the model reflects only the input
probabilities of the variables.

e D: Heart
: Bloo

Rate
Pressure High: 74.00 % Oxygen

Abnormal: 44.00 % Normal: 26.00 % Abnorrrfal: 50.00:/‘,
Normal: 56.00 % Normal: 50.00 %
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K: Heart
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G: ECG Medium: 40.00 %
; High: 29.00 %

Abnormal: 62.00 %
Normal: 38.00 %
N: Alarm?
True: 69.34 %
False: 30.66 %

Fig. 6. Bayesian network structure for CHF risk detection when no evidence is given.

Conditional Probabilities. Prior probabilities of nodes in the BN model representing
the medical variables “Blood pressure”, “Heart rate” and “ECG” were defined
according to the study of Ghosh and Valtorta [11]. Table 2 summarizes the Normal
value probability for these nodes.

Table 2. Prior probabilities of medical variables based on literature [21].

BN node | Variable Probability
C Blood pressure | 0.56
D Heart rate 0.26
G ECG 0.38

Blood oxygen is associated with other diseases so there are equal chances of
influence. For this reason the prior probability of node (E) was set to 0.5.

Prior probabilities of node “EuroSCORE II”’, were defined based on EuroSCORE
model data as follows: p(L = {LOW})=0.31, p(L={MEDIUM})=0.40 and
p(L = {HIGH}) = 0.29.
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The CPT of node K “Heart Disease” given nodes C, D and E was defined using the
leaky Noisy-OR formalism. Table 3 gives the contents of the CPT using pj.. = 1
—0.93 = 0.07, where 0.93 is the probability of state “Present” in node K when all
parent nodes are in “Abnormal” state. The conditional probability of node G given
node K is defined as: p(G|K = {PRESENT}) = 0.95.

Table 3. CPT of node K “Heart Disease” [21].

C D E K

Abnormal | Abnormal | Abnormal | 0.93
Abnormal | Abnormal | Normal 0.86
Abnormal | Normal Abnormal | 0.74
Abnormal | Normal Normal |0.48
Normal | Abnormal | Abnormal | 0.88
Normal Abnormal | Normal 0.76
Normal Normal Abnormal | 0.54
Normal | Normal Normal |0.07

The CTP of node N “Alarm” given nodes K and L (Table 4) was defined using the
Total Probability Theorem as described by the following equation:

p(NIK,L) = p(K)p(N|K) +p(L)p(N|L) (7)

Typically the alarm outcome given that the heart disease is present can be set to 0.99.

Also based on the EuroSCORE model data from the 698 deaths, 36 were low risk
patients, 182 were medium risk patients and 480 were high risk. So we have the
following probabilities per category: p(N|L = {LOW}) = 0.05, p(N|L = {MEDIUM}) =
0.26 and p(N|L = {HIGH}) = 0.69.

Table 4. CPT of node N “Alarm” [21].

K L N

Present | Low 0.71
Present | Medium | 0.80
Present | High 0.89
Absent | Low 0.02
Absent | Medium | 0.11
Absent | High 0.20

4 System Development

In this section we discuss the development of an integrated telemedicine system for
supporting CHF patients at home by addressing the early detection and management of
health risks. The system developed follows a multi-tier client/server architecture.
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The advantages of this model refer to the scalability, reusability and maintenance
capabilities provided. The system architecture diagram is given in Fig. 7 and its
structure consists of six separate layers, three in the client-side and three in the
server-side. In the client-side the system collects biomedical measurements using
devices and sensors in the user’s home space under the supervision of the Local
Subsystem Manager (LSM) which after performing local filtering and formatting of the
gathered information forwards it to the remote server that can make assessments about
the patient’s health status. This multi-layer scheme makes integration of new devices
and sensors easier and also facilitates the integration of different technologies that may
be used between the layers.

To demonstrate the usage of such a system an indicative scenario is given. A CHF
patient following the doctor’s instructions takes regularly specific measurements (e.g.,
blood pressure). The data is collected by the LSM through the device’s communication
protocol (e.g. Bluetooth). LSM packages the data into a secure JSON envelope and
sends it to the server. The server combines the data with past measurements (e.g., taken
during the past week/month) and analyses the patient’s health status by applying the
risk detection algorithm described in Sect. 3. The system may assess that there is a
possibility of health risk, and as a response sends a message back to the LSM for a
pre-alarm warning and communicates with the local administrator. When the local
system receives the pre-alarm message, warns the user to communicate with the doctor
because the measurements have been out of balance lately.

Client-side

Local Mobile
Device Subsystem Web

Layer Manager Application HTTP/JSON
Layer Layer

Medical e-Health
Devices Application

3/4G, Wi-Fi
Internet

Server-side

Web

Data Application Service HTTP/JSON

Layer Layer Layer

Database Application Web
Server Server Server

Fig. 7. Multi-tier client/server architecture.

4.1 Client-Side
In this section we describe the layers of the system implemented in the client-side.

Device Layer: This layer includes all the devices and sensors measuring medical
parameters (Table 5). These are mainly wireless devices (e.g. Bluetooth) that transmit
the data to the LSM through which it can be transmitted with web connectivity to the
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remote server for storage and processing with the algorithms for medical diagnosis. The
basic selection criteria for the devices are:

(a) Openness (i.e. the device has to provide an Application Programming Interface
(API) for direct downloading of data without the mediation of some cloud server).

(b) Reliability via proper certifications (e.g. MED CERT ISO 13485) and

(c) Interoperability (e.g. Continua Product Certification).

Table 5. Medical devices characteristics.

Device Parameter Certified Link
EMBI1 ECG MED CERT ISO https://www.corscience.
13485 com/emb

UC-355PBT-Ci Weight Continua-certified | http://www.andonline.
com/

CorScience Pulse Blood oxygen MED CERT ISO | https://www.corscience.

Oximetry saturation 13485 com/chipox

AnD Medical Blood pressure Continua-certified | http://www.andonline.

UA-767PBT-Ci com/

The API of the devices provide raw measurements that can be subsequently be
processed by algorithmic techniques in order to extract useful diagnostic features. For
example, the Pan-Tompkins algorithm [30] is used to recognize the QRS-complexes in
the ECG signal and then the amplitude and duration can be measured in rode to assess
the normal or abnormal classification by checking the threshold values defined in
Table 1.

Local Subsystem Manager Layer: This layer includes key processes in the client-side
of the system which implement the following operations:

User notification to start a periodic measurement scenario.

Data gathering from the medical sensors and devices.

Temporary storage of data in case of network problems in the communication with
the server.

Data validity checking based on the normal value ranges defined in.

Data forwarding to the server.

Receiving commands and processed responses (pre-alarms, alarms) from server.
User notification management through warning messages.

To initiate a regular medical measurement, the LSM creates the proper low level
messages to trigger the relevant devices for starting measurements and prepares the
appropriate data structures to store the data collected from the devices. Moreover, the
LSM updates the graphical user interface to display a set of guidelines to the user for
using the devices (Fig. 8).
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Fig. 8. A typical interaction message with the patient.

Mobile Web Application Layer: This layer provides access to the user profile and
stored data. It also provides a personalized view of data as well as access levels
depending on whether the user is a patient, medical staff or administrator. Figure 9
shows the main screen of the Web Application.

£] eHealth App Main Screen - o IEd
Scenario Management { Patient Profile H euroScore II
Administration { Reports H Exit

Fig. 9. Main screen of the web Application.

In summary the following functionality is provided:

e An interface to create a new medical measurement protocol/scenario;

A personal profile interface where the user can enter patients’ personal information
as well as relevant chronic diseases;

A GUI to simulate sensor measurements for debugging purposes;

An interface where the history measured data can be displayed in graphs;

An interface to manage reports;

An interface to provide notification to the user;

An interface to create new users and to define new time periods for measurements
and new thresholds for the medical analysis process.

4.2 Server-Side

The remote server provides the ability to interface with one or more clients for mon-
itoring one or more patients and accepting HTTP type requests for storing measure-
ments via a web application. In addition it supports the recording of each patient’s
profile into the database, decision-making by using a risk detection algorithm that
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performs multi-parameter and multi-level data analysis to identify emergencies and
generate alarms and pre-alarms and finally the generation of suitable reports based on
the information stored in the database. Figure 10 illustrates the component diagram of
the server.
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Fig. 10. Server-side system component diagram.
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The server is divided into the following logical layers:

Web Service Layer: The components in this layer are responsible for receiving and
sending messages from/to the client and also authenticating and validating the http calls
and initiating measurement data recording. The communication mechanism is based on
sending messages through the HTTP protocol, using the representational state transfer
(REST) model.

Application Layer: The main purpose of this layer is to run the health risk assessment
algorithm, which may generate pre-alarm or alarm states. More precisely, the received
JSON message with the measurements from the client is checked initially for integrity
and then the data are stored using the corresponding database package procedures. The
EuroSCORE II model procedures are called to perform the calculation of the model
result. The risk detection algorithm can then be initiated to check for an alarm or a
pre-alarm. In case of abnormality the system either notifies its administrator to contact
the patient or sends back to the corresponding client LSM the appropriate notification
messages in order to be presented to the user.

Therefore, the application layer contains in the implemented Java classes the
business logic of the server-side. In particular, it encompasses the Bayesian reasoning
network component and components that interact with the data layer for storing
measurements and EuroSCORE values. The application layer performs the following
four basic tasks: data retrieval, data storage, patient’s EuroSCORE II model calculation
and risk detection estimation using the BN.
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Data Layer: The data layer contains a relational database which was designed and
implemented in Oracle platform. It also includes all the necessary procedures for
storing, retrieving, updating and maintenance of data, as well as the necessary mech-
anisms for ensuring data integrity. The database scheme includes 14 tables with 92
fields in total and 14 relationships between the tables (Fig. 11).

Fig. 11. Database entity-relationship diagram.

The tables are classified into three categories:

EuroSCORE Model Tables. Tables in this category are containing information
describing the EuroSCORE related models. The risk detection algorithm uses, in
particular, the EuroSCORE II model to determine the degree of patient’s health risk. In
fact, the corresponding tables in the database have been designed in a general way so
that additional risk assessment models related to patient’s health can be also supported.
Tables in this category are the following:

e SCORE_MDL: This table contains records for all three EuroSCORE models, i.e.,
additive EuroSCORE, logistic EuroSCORE and EuroSCORE II which is the latest
version used by the system.

e SCORE_FACTOR_TP: This table contains records regarding the different data
categories per model. For example, EuroSCORE II model has three such categories,
namely risk factors related to the patient, risk factors related to heart health and risk
factors related to heart operation.
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e SCORE_FACTOR: This table contains records with the names and the descriptions
of risk factors per category and per model. For example, a risk factor related to the
patient in the EuroSCORE II model is the “Extracardiac arteriopathy”.

e SCORE_FACTOR_VALS: This table contains the coefficient for each risk factor
that is used in Eq. (3). For example the risk factor “Extracardiac arteriopathy” has a
single record with the value 0.5360268.

Medical Measurement Tables. Tables in this category are containing information
describing medical protocols for which the system collects measurements. The design
of the tables takes into account that these tables may have to store measurements from
various sources in the future so that the system can be expandable. The tables in this
category are the following:

e MSR_VAR_TP: This table contains records for all types of sensors and devices that
may be used for medical measurements. For example, biometric measurements
from a Bluetooth oximeter.

e MSR_VAR: This table contains records for all the medical measurements supported
by the system per device type.

Users Tables. Tables in this category are containing user-related information such as
the medical history and stored measurements. The tables in this category are the
following:

USR_TP: Defining user types (patient, doctor, and administrator).

USR: Containing users’ profile.

USR_SCORE: Containing EuroSCORE II model results that have been calculated.

USR_SCORE_FACTOR_VARS: Containing values of risk factors that have been

recorded for each patient.

USR_MSR_SET: Containing time periods sets for measurements of each patient.

USR_MSR_SET_VARS: Measurements per time period of each patient.

e USR_MSR_SET_VAR_VALS: Containing detailed measurements of medical
parameters collected by sensors as well as statistical values recorded by the system
for each patient. Also it contains the number of measurements, the sum of squares,
the average value, the standard deviation and Deviation Index which are calculated
and recorded every time a measurement is added to the database.

e USR_BAYESIAN: Bayesian reasoning network results calculated for each patient.

Finally, the access to the data is performed through database procedure packages and
not directly from table queries for transparency reasons and separation of concerns
between the data layer and the application layer. The packages defined are the
following:

e PKG_UI_READ: Procedures to retrieve data for the GUL

e PKG_UI_SAVE: Procedures to update data.

e PKG_CALC_MSR: Procedures to calculate EuroSCORE model and statistical
analysis results.

e PKG_BAYESIAN_NET: Procedures to update and store Bayesian network results.
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4.3 Measurement Scenario Management

The system administrator can manage the creation/update/deletion of a measurement
scenario using the main screen of the Web Application (Fig. 9). A scenario may consist
of one or more MEASUREMENT activities and a number of interaction activities like
the NOTIFY activity. A NOTIFY activity stores a message content which notifies the
user when such activity is executed by displaying the corresponding message on a
screen (an example is shown in Fig. 8) and/or by playing an audio message when a
speech to voice conversion utility is available. The scenario creation process is assisted
by a wizard tool through a number of interaction steps. The administrator has to define
for example the basic properties of the scenario such as its name, type and patient risk
level (Fig. 12, left screen). A periodic scenario indicates a measurement process that is
taken place on a regular basis. Other types include “On demand” and “Test”. The
former is initiated by the patient while in the latter case measurement values are not
stored in the system database. A user interface is provided also to assist the definition of
activities sequence in a scenario. Figure 12 (right screen), depicts the summary of a
simple scenario that involves a blood pressure measurement activity and notification
activities.

(£] Scenario Creation - oIEd (] Scenario Summary — O ES

Name: Blood Pressure Measurement

Schedule: Once per second day
Name Blood Pressure Measurement

Time: 10:00 am
e (Periodic 'J OKBPMNotify
Patient Risk Level (Medium | | BPMNotify |—>| BPMStart
FAILBPMNotify

| Continue ... | Cancel J

o]

Fig. 12. Scenario creation and summary sample screens.

New activities as components of the scenarios can be defined by the administrator
using the provided user interface. For example Fig. 13 shows activity creation for two
different activity types.
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Fig. 13. Activity creation sample screens.

4.4 Implementation Tools

The overall system was implemented using several development technologies and
tools. The Java programming language and the Eclipse Mars 2 Integrated Development
Environment were used to implement the application layer and the LSM. The wireless
communication with the medical devices was based on the Bluetooth stack of the
operating system. HTML 5 in combination with the Bootstrap CSS framework were
used to develop the web application providing cross-browser compatibility, whereas
the jQuery JavaScript library was used to implement the asynchronous calls to the
restful web services. Web services were implemented using HTTP and JSON data
format for transferring messages between the client and the server.

The Bayesian reasoning component of the risk detection algorithm was designed
and tested using a tool developed at University of California at Los Angeles for
modeling and reasoning with BNs named Sensitivity Analysis Modeling Inference And
More — Samlam [27]. For the development of the Bayesian reasoning component we
employed the Jayes library [31].

Lastly, the Oracle database framework, Express Edition 11 g Release 2, was used
to implement the relational database.

5 Validation

5.1 System Validation

From a technical perspective, the system validation process was performed in three
levels: unit level, function-level and overall process level testing. At the unit level, all
modules developed were tested regarding their proper operation including device
management by the matching software driver depending on the communication
interface employed (e.g. wireless LAN, Bluetooth). At the function-level, specific
system functionality was tested like system login, user profile management, activity
and scenario creation, data storage, recognition of pre-alarms and alarms, and com-
munication of the client-side with the server-side and vice versa. At the overall process
level, the system was tested with respect to cohesion and reliability of the provided
functionality when combinations of operations are executed for a long period of time.
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5.2 Medical Inference Validation

Medical inference validation was performed in two directions. First, the risk values of
the EuroSCORE II model calculated by the system were compared to the values
calculated by the on-line EuroSCORE calculator [32] and were found to be equal for
the same inputs. Secondly, the predictive validity of the risk detection algorithm was
checked. The accuracy of the BN reasoning was determined with the participation of
medical experts due to the lack of reliable clinical data to compare with the system
predictions. The BN model was also checked regarding the mechanism through which
prediction is obtained. As suggested by Pitchforth and Mengersen there are seven
dimensions of validity in a BN model that should be examined [33]. Figure 14 sum-
marizes how our BN model satisfied these validation tests.

Itis covered because the use of BNs
in medical problems for diagnostic
and alerting purposes is common and
has been successfully applied

Nomological

For each possible combination of
variable values the expert specified a
diagnosis and compared it with the
conclusion of the model

of the domain expert in testing the
predictive validity.

It is ensured through the involvement
Predictive )

Bayesian

Network
Itis satisfied because the

Discriminant validity achieved S idi structure of the BN was decided
because risk diagnosis is done (RS ) vahdlty ontet by consutting both medical
from symptoms/signs to causes \ \ experts and the literature

Convergent validity achieved because risk The constructed model does not
diagnosis is done from symptoms/signs to Convergent ) Concurrent ) contain any sub-networks so the
causes. Moreover, the constructed model is concurrent validity does not apply.
simple enough, without a large number of nodes or \

arcs so as to become computationally intractable.

Fig. 14. BN validity tests performed.

In particular, for predictive validity the agreement between the reasoning of the
model and the diagnosis made by the domain expert was checked for each possible
combination of evidence variable values. In our model there are 48 possible evidence
combinations generated from five variables. Four of them represent medical parameters
that take one out of two values and the EuroSCORE variable with three values. The
process was facilitated by using the Samlam tool to manage the testing of all possible
combinations and automatically calculating the probability of the CHF risk. The expert
assessed the conclusions of the model as reasonable and also specified the following
validation rules for which the CHF risk should always be true:

e Patients with eSCORE risk Low must have all medical measurements Abnormal.

e Patients with eSCORE risk Medium must have at least two medical measurements
Abnormal.

e Patients with eSCORE risk High and anyone medical measurement Abnormal.
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A critical task was to locate a specific threshold for the probability of CHF risk that
divides all the evidence combinations into alarm and no alarm in the same manner as
the domain expert. As a result of the analysis, the alarm threshold was found to be
sixty-five percent (0.65), in order to generate the alarm. Figure 15 gives a compre-
hensive view of the BN conclusions according to the eSCORE risk category when
different evidences are generated. As it can be observed the generation of an alarm is in
accordance to the recommendations made by the expert. As an example, for patients
with medium risk and two abnormal measurements, the model calculated an alarm
probability of 65.52%, whereas with only one abnormal measurement the alarm
probability was 56.54%, which is below the threshold as normally expected.

Low risk ® Medium risk m High risk
85,96

76,9
67,9

82,74
73,7
64,7

All normal 1abnormal 2abnormal 3 abnormal All abnormal

Fig. 15. Bayesian probability result by risk category and medical measurement result.

6 Conclusion and Future Work

Proactive support of CHF patients is vital since the recovery from a critical condition
usually presents complications and it is not always possible. Although emergency
situations may occur without prior warning, still in the majority of emergency cases,
there are “signals” that precede their appearance. The regular monitoring of selected
health variables followed by a multi-parameter and multi-level data analysis for the
identification of abnormal health trends is the main contribution of the presented
methodology.

Today, telecare systems typically incorporate the monitoring of patients’ vital
signals which can be transmitted, wirelessly, to a public or private medical care center
for the provision of healthcare services. Furthermore, many systems support the
automatic generation of alarms when the measurements exceed a predetermined range.
The presented system surpasses this functionality and provides risk inference capa-
bilities for the specific chronic disease by combing biological signals with a validated
risk model. The system integrates additional mechanisms like the scenario creation tool
which can facilitate system usage in different measurement situations.
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The technical solution has been validated in several levels where as the medical
inference component and the associated BN model defined were validated for pre-
diction accuracy with the assistance of the domain expert with positive results.

Although the system presented addresses the problem of early prevention and
management of health risks and complications in CHF patients, still with the proper
enhancements in the BN modeling and health parameters monitoring the system could
be used for risk management in other chronic diseases such as hypoglycemia in patients
with Diabetes Mellitus. Our goal is the specification of a general methodological
framework on the management of chronic diseases, as a result of the study of more use
cases highlighting the perspective of the system to become a generic tool with built-in
medical inference capabilities for various diseases. This aim needs to be validated in
clinical trials using the integrated system with patients at their home.
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Abstract. As society ages, healthcare systems are preparing for an increasing
prevalence of frail, co-morbid and older community-dwellers at risk of adverse
outcomes including falls, malnutrition, hospitalisation, institutionalisation and
death. Early intervention is desirable and pre-frailty, before onset of functional
decline, may represent a suitable transition stage to target, albeit evidence for
reversibility and appropriate interventions are limited. No consensus on the
definition, diagnosis or management of pre-frailty exists. This work describes 25
healthcare related findings from the recently completed PERsonalised ICT
Supported Service for Independent Living and Active Ageing (PERSSILAA)
project, funded under the 2013-2016 European Union Framework Programme 7
(grant #610359). PERSSILAA developed a comprehensive Information and
Communication Technologies (ICT)-supported platform to screen, assess,
intervene and then monitor community-dwellers in two regions (Enschede in the
Netherlands and Campania in Italy) in order to address pre-frailty and promote
active and healthy ageing, targeting three important pre-frailty subdomains:
nutrition, cognition and physical function. Proposed definitions of pre-frailty,
ICT-based approaches to screen and monitor for the onset of frailty and targeted
management strategies employing technology across these domains are descri-
bed. The potential of these 25 healthcare recommendations in the development of
future European guidelines on the screening and prevention of frailty is explored.

Keywords: Pre-frailty - Frailty - Information and communication technology
Healthcare recommendations - Guidelines

1 Introduction

Recent trends associated with demographic ageing have resulted in an increased
prevalence of older adults, aged >65 years [1]. With this, health and social care pro-
viders and policy makers are recognising a higher prevalence of frailty in community-
dwelling older adults [2]. Although no consensus definition of frailty is accepted, most
consider it to be a multi-factorial, age-associated loss of physiological reserve
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characterised by an increased vulnerability to stressors that results in a propensity for
adverse healthcare outcomes [3-6]. Estimates of prevalence differ depending on the
population studied, sampling strategy employed and frailty classification applied.
Reflecting this, reported frailty rates for persons aged over 65 years varies from 6.9% or
lower in large population-based studies [7] to as high as 75% in primary care cross-
sectional samples [8]. Data similarly vary by region with higher levels found in
developing countries [9] compared with more developed nations [2].

The choice of frailty classification is also important with two main approaches
commonly used to define frailty: the Frailty Phenotype [7] and the Frailty Index. Fried’s
Frailty Phenotype characterised by physical signs and symptoms suggesting frailty
classifies individuals as frail if they meet three or more of the following five criteria:
weight loss (>5% in last year), exhaustion, weakness (decreased grip strength), slow
walking speed (>6 to 7 s for 15 feet), and decreased physical activity (males <383
kilocalories; females <270 kilocalories) [7]. Modified versions exist that deviate slightly
from this initial description. The Frailty Index is characterised by an accumulation of
deficits identified from a list of predefined variables that are used to create a proportion or
decimal from O (no deficits) to 1 (maximum number of deficits present) [10]. Multiple
indices are available with varying numbers of deficits. While complementary, they
measure different constructs [11] with Fried’s phenotype usually reporting lower
prevalence rates [12]. A recent systematic review of the weighted prevalence of frailty
from cross sectional data in community-based cohorts of older adults aged > 65 esti-
mated that the overall weighted prevalence was 10.7% [2]. In addition, many other factors
impact upon the prevalence of frailty such as sex and socioeconomic status [13]. For
example, 8.5% of women in the European Union (EU) aged between 65 and 74 years are
frail compared with 4.1% of males [14]. Within the EU the prevalence of frailty in
community-dwelling older adults aged over 65 years varies between studies with data
suggesting that between 5.8% and 27.3% [15] are frail.

Pre-frailty, is a prodromal ‘risk’ state before the onset of frailty. However, no
definition of pre-frailty is established or widely used. Instead, a cut-off score on a frailty
screen or frailty assessment scale defines it as an intermediate level before the devel-
opment of functional decline. For example, a score of one or two on the Fried’s Frailty
Phenotype denotes pre-frailty. The proportion of frail, older adults living in the com-
munity is variable depending on the sample and setting but can reach half [2]. Many
more, up to 60% of those aged over 65, can be classified as pre-frail [15], though again
this depends on the approach used to categorise pre-frailty [16].

While the development of frailty is often considered permanent, evidence suggests
it is a dynamic process with some patients converting from frail to pre-frail and even
becoming robust again [17]. Despite this, once established, frailty is difficult to reverse
[18] with less than 1% of persons considered frail becoming robust over five years [17].
Given that frailty is associated with an increased incidence of chronic medical con-
ditions [19, 20], hospitalisation [21-23], readmission to hospital after discharge [24],
higher healthcare costs [25], institutionalisation [3], and death [26], there is a need to
promote active and healthy ageing and instigate measures to prevent frailty [6, 27-30].

From a practical perspective targeting pre-frailty is a reasonable approach, though
at present there is insufficient evidence to support this [31]. Specifically, the use of
multi-factorial interventions to screen, monitor and manage prodromal states related to
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pre-frailty such as mild cognitive impairment [32-34], or reduced physical activity in
the presence of sarcopenia [35, 36] appear most appropriate. Likewise, combinations of
targeted, coordinated and preventative interventions delivered in the community can
reduce adverse healthcare outcomes [37]. Recently, data from intervention studies
targeting pre-frailty has shown the potential for using combined physical and nutri-
tional interventions to delay or prevent onset of frailty, though compliance with the
intervention can often be suboptimal or unclear [38]. While there is growing interest
and uptake in the use of information and communications technology (ICT) by older
adults, the presence of frailty affects these persons” ability to access and utilise tech-
nological devises [39]. Some limited data suggests that incorporating complex inter-
ventions such as physical exercise regimes into ICT devises may improve compliance
and produce positive effects on quality of life [40]. The goal of using ICT to either
prevent onset or progression of frailty is included in the action plan of the European
Innovation Partnership on Active and Healthy Ageing [27] and centres around the
construct of recognising functional decline manifest by impairment in activities of daily
living (ADL), an older person-important outcome.

As few studies have used frailty as an outcome measure [41], the overarching aim
of PERsonalised ICT Supported Services for Independent Living and Active Ageing
(PERSSILAA) was to examine whether frailty can be prevented and whether an ICT-
based intervention designed to target pre-frail community dwelling older people can
delay onset of frailty and functional decline. Specifically, although some data on
individual or combined interventions exists, no study has examined the use of a multi-
domain, ICT supported platform targeting pre-frailty in its ability (utility and feasi-
bility) to prevent functional decline and subsequent onset of frailty. Similarly, while
several national and international Geriatric and Gerontological societies provide best
practice recommendations for addressing frailty [6, 42], given the paucity of studies, no
guidelines exist for the management of pre-frailty.

2 Overview of the PERSSILAA Project

The PERSSILAA project was funded under the European Commissions’ Framework
Programme 7 between 2013 and 2016, (see grant number 610359). It consisted of a
consortium of eight partners from five EU countries from across the medical, social and
technological sciences as well as including partners from industry, academia and end-
user organisations. The primary objective of PERSSILAA was to develop an ICT-
based platform to identify and manage older community dwellers at risk of functional
decline and frailty (i.e. pre-frail older adults) to determine if such an intervention could
influence frailty trajectories. This multimodal service model focuses on three core
frailty domains, specifically nutrition, cognition and physical function. Supported by an
interoperable ICT service infrastructure, PERSSILAA uses an intelligent decision-
support system and gamification strategies to encourage end-users to engage with the
platform. PERSSILAA was designed specifically for older community dwellers aged
over 65 who as part of the project were (1) screened by a trained rater or were self-
assessed to identify and stratify them according to their frailty status, (2) triaged or
stratified to the appropriate ICT-based solution to meet their needs (targeting one, more
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or all three frailty domains), (3) monitored (unobtrusively) to identify their trajectory of
ageing and (4) managed with ICT supported services through local accessible com-
munity structures.

The design of the study is described in more detail elsewhere and below but in
summary, an ‘ideal’ service model was developed and refined through a series of
meetings with older adults taking a participatory design and iterative approach [43]. An
important outcome of this initial work was the need to offer multi-modal screening,
stratification and management strategies to older patients, as they are a heterogeneous
group with different skills and expectations [43]. The need for education, particularly
with respect to ICT skills was highlighted, as was the need for older adults themselves
to direct their own management and for participants’ primary care physicians to be
informed without creating additional burden (i.e. integrating the process and results).

Thus, the PERSSILAA screening and intervention modules consisted of both face
to face and remote (postal and online ICT) components. Suitable participants identified
in one of the two evaluation sites, Enschede in the Netherlands and Campania in Italy,
were screened for frailty using a two-step screening process. Initially a brief pre-screen
(conducted by post, online or in person) was performed. This was followed by a more
detailed assessment in person to confirm their status for individuals screening positive
for pre-frailty (i.e. the target group). In Enschede, older adults aged 65-75 recruited
through primary care, selected by their family doctor were recruited. In Campania,
older adults aged over 65 were recruited through local church communities, selected by
the Naples Curia Diocesana. Once identified as pre-frail, PERSSILAA services targeted
specific trainings modules for both health and ICT (ehealth) literacy and where
appropriate, based on the screening and triage component, were used to provide
physical training, cognitive training (Guttmann NeuroPersonalTrainer®) and nutri-
tional advice (NUTRIAGEING™ website) to participants. PERSSILAA services were
designed to be accessible and thus were offered in multiple formats i.e. in person or
online via personal or tablet computers, so older adults could use them with supervision
or independently. To enhance the user experience and encourage compliance, in
addition to a standard version, a gamified version was also developed, which while
designed to be fun and interactive, encouraged on-going participation, also known as
‘serious gaming’. For example, in one version older adults were encouraged to build a
boat to escape from a virtual island but could only gather the pieces required if they
used the trainings modules. Gamification is shown to encourage older people to use
telemedicine [44], generate more engaging assessment strategies, [45] and can be used
to promote and motivate behaviour to support lifestyle change [46]. The project also
investigated the degree to which the PERSSILAA platform was acceptable, efficacious
and ultimately effective to real world users in a real world setting, in preventing onset
of frailty among pre-frail older adults. As this was an evaluation rather than a validation
study, the priority was to show acceptability and proof of concept. PERSSILAA ser-
vices were studied in two different populations of older people in two of the partner
countries, Italy and the Netherlands. To maximise the results two different evaluation
studies were performed. In Campania, a prospective cohort study was conducted to
examine the uptake, acceptability and usability of the platform among older Italians. In
Enschede, a multiple cohort randomised controlled trial (mcRCT) design was applied
and 82 participants in the Netherlands were recruited, of whom half (n = 46) received
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the intervention. Cost effectiveness was assessed with the Monitoring and Assessment
Framework for the European Innovation Partnership on Active and Healthy Ageing
(EIP on AHA) tool [47]. The project was funded to last for three years. All participants
provided informed consent prior to being included and then assessed at baseline,
scheduled intervals and the end point. Additional details including a full list of pub-
lications can be found at: www.perssilaa.eu.

3 Recommendations from the PERSSILAA Project

The main results of the project were subdivided and examined by topic to provide
recommendations on addressing frailty and functional decline through the identification
and targeting of pre-frailty. Results were grouped to be of interest to a broad inter-
disciplinary audience and developed by the consortium as a whole, led by individual
partners according to their area of expertise. These were broadly categorised into three
themes: (a) Healthcare related recommendations, (b) ICT related recommendations and
(c) Organisational (institutional) recommendations. This work reviews and summarises
the healthcare specific findings derived from the project. To compile these, partners
were tasked according to their relevant specialty to develop related recommendations
based on the work completed during the project. There are several recommendations
within each theme. The results presented here describe the clinically (healthcare) rel-
evant outcomes of the study that could be used to contribute to the development of
guidelines for the screening of and prevention of frailty in older EU citizens.

3.1 Definition of Pre-frailty

Although pre-frailty is usually identified as a prodromal state before frailty and sub-
sequent functional decline develop, no clear definition of pre-frailty exists. As part of
the project the investigators performed a narrative, state of the art literature review to
examine existing definitions of frailty and pre-frailty. As with frailty, no consensus
definition was found. Instead, pre-frailty is most often characterised by reference to
frailty and classified as a transitional stage on the trajectory from full independence
(robust state) to increasing functional dependence (frailty). Pre-frailty, like frailty is
measured by several short-screening instruments but is defined by a cut off score below
that for frailty. For example, pre-frailty is present when one or two of the Fried frailty
phenotype characteristics are present. It is proposed that identifying this prodromal
phase at an early stage will allow the introduction of measures to prevent onset of
frailty [28]. In order to select a sample, the PERSSILAA investigators adopted a
definition of pre-frailty consistent with the goals of the project. After reviewing several
possible definitions, a multi-domain definition targeting the key frailty domains. Given
that many of the consortium were also member of the EIP on AHA A3 Action Group
on frailty prevention, the definition of pre-frailty used in PERSSILAA was based on an
adapted version of the A3 groups’ definition of frailty [48]. This definition describes
pre-frail older adults as those at an increased risk of poor clinical outcomes, such as
the development of disability, dementia, falls, hospitalisation, institutionalisation or
increased mortality where one or more pre-frailty states (e.g. mild cognitive
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impairment, sarcopenia, physical and functional impairment, dysthymia and social
isolation) is evident.

Recommendation: Pre-frailty should be considered a multi-domain, multi-factorial
syndrome.

Recommendation: The EIP on AHA definition of frailty could be adapted to define
pre-frailty.

Recommendation: The EIP on AHA A3 action group are ideally placed to take the
lead in developing a definition of pre-frailty to support and stimulate debate on a
consensus definition of this important prodromal condition and emerging public health

priority.

3.2 Screening for Pre-frailty

Multiple short screening instruments to identify frailty are currently available and in
use in clinical practice [49]. Despite this, no single instrument is currently recom-
mended, likely relating to differences in approaches to identify frailty syndromes [6].
Further, only a few instruments are able to accurately differentiate pre-frailty from
frailty. PERSSILAA was predicated on a two-step screening and assessment strategy in
an attempt to correctly categorise participants as pre-frail (i.e. the target condition).
This was modified during the project where redundancy was identified. Screening
followed by more comprehensive assessment is recommended given the expected high
prevalence of pre-frailty in community samples, the relative high sensitivity but low
specificity of the screening instruments and the resources required to screen in this
setting [50]. Instruments were selected following a literature review. Thus, the two
stage selection process involved (1) the screening of people > 65 years by trained
volunteers/self-screening by email or postal questionnaire to exclude robust subjects
and those with established frailty and (2) a face to face assessment by trained multi-
disciplinary staff of those classified as pre-frail in order to confirm if they were pre-frail.
Each domain included in PERSSILAA was screened using this approach.

The screening and assessment instruments used at each stage are presented in
Fig. 1. During the first iteration (the first round) the scales were rationalised producing
a more streamlined final version. Screening began in 2014. In overview, the first step
divided participants into robust, pre-frail and frail using a ‘global’ frailty scale com-
bined with individual measures of nutrition, cognition and physical function. The
Groningen Frailty Indicator (GFI), a 15-point yes-no questionnaire exploring physical,
cognitive, social and psychological components of frailty was used as a global measure,
using a cut-off of >4/15 for moderate-severe frailty [51]. The INTERMED was ini-
tially trialled but did not provide sufficient additional information to justify its inclu-
sion. Instead, the GFI was used alone in the final version given that it is shorter and
already validated in all the languages of the project. Participants were further screened
using instruments specific to the selected pre-frailty domains using stage specific cut off
scores. The final instruments selected were the Mini-Nutritional Assessment
(MNA) short form to identify nutritional deficits, the 8-item Alzheimer’s disease 8
questionnaire (ADS) for cognitive deficits and the Short-form 36 questionnaire (SF-36)
to screen for physical impairment. The KATZ activities of daily living (ADL) scale and
the Quick Memory Check (QMC), initially trialled during the first iteration were
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considered to be too impractical for self-screening. In the second step (face-to-face
assessment), older adults were evaluated to confirm if they were pre-frail. Nutritional
deficits were identified with the remainder of the MNA (G-R), cognitive impairment
with the Quick Mild Cognitive Impairment (Qmci) screen [52-59] using age and
education adjusted cut-offs [60], and physical function using the short physical per-
formance battery (using the Timed Up-and-Go Test, the Two-Minute Step Test, the
Chair-Stand Test, and Chair-Sit-and-Reach Test).

General Physical Cognitive Nutritional
frailty functioning functioning state

- - - -

NMA-short Checklist

Final version

Pre-Frail

rail
1 Physical
functioning

Cognitive Nutritional
functioning. state
[ [ L Nwa
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Fig. 1. Two-step screening protocol for the PERSSILAA project showing the first and final
version of the first screening step [61].

The results showed that the PERSSILAA screening service with the addition of
demographic data is useful in quickly and accurately classifying older community
dwellers as robust, pre-frail or frail. In all, 4071 participants were screened. The
majority of these participants (n = 2,438) were classified as robust (60%). An addi-
tional, 916 (23%) were characterised as having a high probability of being pre-frail and
were thus suitable for further assessment (step two). There were no significant differ-
ences in age though frail patients were more likely to be female. The baseline char-
acteristics of patients are presented in Table 1, below.

The face to face assessment (second step) confirmed that of those screening positive
for pre-frailty, that 90% were pre-frail. Logistic regression showed that those screening
positive were truly pre-frail and showed that the first-step screening process had an
overall good to excellent accuracy (area under the curve of 0.87 with a moderate to
high sensitivity (77%) and specificity (84%). Analysis of the face to face assessment
showed good agreement among the classifications of pre-frail and robust individuals.
These results suggest that the two-step screening and assessment approach developed
for PERSILLAA was able to correctly categorise pre-frail community-dwelling older
adults.

Statistical assessment of accuracy using receiver operating characteristic curve
analysis showed that the MNA (assessing nutrition) was the most accurate individual
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Table 1. Characteristics of participants included in baseline screening by frailty classification.

Variable Robust Pre-frail Frail Total
Number of participants 2438 916 717 4071
Age (£ standard deviation) 69.71 £ 4.18 | 70.44 £ 4.71 |70.82 £ 5.97 |70.06 £+ 4.63
Gender (% female) 48% 56% 61% 52%

Groningen frailty indicator (£ standard | 0.97 £ 1.08 |2.49 £ 1.36 6.35 £+ 1.56 224 +£2.33
deviation)
Alzheimer’s disease 8 questionnaire 0.19 £ 039 |1.03 + 1.28 1.86 + 1.91 0.66 + 1.22
(£ standard deviation)
Short-form 36 questionnaire for 91.57 £ 9.89 | 65.33 £+ 26.36 | 54.88 £ 29.86 | 79.21 £ 24.71
physical impairment (£ standard
deviation)

Mini-nutritional assessment — short 11.71 £ 1.04 | 10.36 &= 1.66 |9.52 & 2.53 10.70 + 1.67
form score (4 standard deviation)

predictor of pre-frailty with an area under the curve of 0.80, indicating good accuracy,
supporting the known important role nutrition plays in the development of frailty [62].

Recommendation: Multiple pre-frailty sub-domains should be addressed when
screening for and assessing pre-frailty among older adults and should include cog-
nitive, physical, nutritional, social and other domains.

Recommendation: More research is required in this area and future studies should
capture multiple pre-frailty domains along with global measures of frailty.

Recommendation: A two-step screening and assessment approach is an acceptable
and accurate means to identify pre-frailty in a community setting, though more
research is needed to confirm this.

3.3 ICT Training Modules to Manage Pre-frailty

Three training modules were developed during the project, one for each of the three-
domains targeted: (a) nutrition, (b) cognition and (c) physical function. This section
outlines how each module was developed, the results of their implementation, the
conclusions drawn by the PERSSILAA researchers and the recommendations made.
This section also examines the importance of health literacy, which impacts on patient
satisfaction and healthcare utilisation and costs among older adults [63]. It also includes
a preliminary analysis of the effects of the training platform on participant’s quality of
life.

Nutrition Training Module

Nutrition is central in the development of frailty [62] and is especially important for
older adults. Ageing is associated with increased risk of becoming malnourished [64]
or undernourished i.e. at risk of malnutrition [65]. Although data varies considerably by
setting and sample surveyed, it is estimated that between 10-35% of community
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dwelling older adults are at risk with prevalence rates in acute hospitals approaching
45% [66]. Up to 65% of residents in long-term care are reported to be at risk of
malnutrition [67]. The cause is often inappropriate food consumption [68], manifest by
a gap between actual nutrient consumption and recommended dietary intake. Education
on healthy eating and nutrition is therefore crucial to provide adequate and reliable
information to consumers and healthcare providers to promote healthy diets in all
settings. The NUTRIAGEING website (http:/nutriageing.fc.ul.pt/) is an easy-to-use,
“app-like” interface designed to promote and translate scientific knowledge into usable
person-centred nutritional advice for the general public. It’s three areas are: (1) Healthy
eating, (2) Recipes and videos, and (3) Vegetable gardens. The “Recipes and videos”
subsection includes 15 videos of recipes developed by the Portuguese Chef Hélio
Loureiro. The functionality of the website was tested with 45 older adults and their
carers in two day care centres in Portugal. In feedback sessions most participants rated
the site as excellent. Take home messages included the need to make websites con-
necting science and public health such as the NUTRIAGEING™ website: (1) easy to
use, (2) evidence-based and (3) readily accessible (appealing and enjoyable format) to
encourage access and learning.

Recommendation: Nutritional education, required to promote healthier eating
habits among the general population and in particular pre-frail older adults, can be
delivered successfully online.

Recommendation: Educating caregivers on the benefits of nutrition using ICT-
supported platforms such as the NUTRIAGEING™ website is important and may
benefit older adults directly — more research is required to confirm this.

Recommendation: Educating cooks and professionals involved in food preparation
on the benefits of healthy foods and nutrition using ICT supported platforms such as
the NUTRIAGEING™ website is important and may benefit older adults directly —
again, research is required to confirm this.

Recommendation: ICT platforms, if user friendly and intuitively designed, can
support wider public health goals by providing the general population including older
adults but also healthcare professionals with reliable information and easy-to-use
tools, which may increase their knowledge of nutrition and healthy eating.

Cognition Training Module

Demographic ageing is associated with an increased prevalence of cognitive impair-
ment including mild cognitive impairment (i.e. subjective and objective cognitive
deficits without impairment in ADL function) [69] and dementia (i.e. subjective and
objective cognitive deficits with a clear impact upon ADL function) [70]. Recent data
suggests that the incidence [71] and prevalence [72, 73] of dementia is reducing in
developed countries, likely in response to higher levels of education and other
socioeconomic factors such as diet and exercise which have improved cardiovascular
and cerebrovascular health over recent generations [74]. Cognitive brain training has
also been postulated to slow progression from prodromal stages of cognitive impair-
ment to more advanced stages [75]. Further, studies examining multi-domain inter-
ventions directed to at risk population’s show that cognitive stimulation combined with
lifestyle modification (diet and exercise) and focused cardiovascular risk-factor man-
agement can reduce progression to dementia [33].
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In PERSSILAA the mean ADS8 score for the total sample of 4,071 participants
screened at baseline was 0.66 + 1.22 compared to 1.03 + 1.28 for pre-frail older
adults, (See Table 1). Frail participants approached a score of two or greater on this
screen suggesting that these were more likely to screen positive for cognitive impair-
ment [76], albeit the specificity of the ADS at this cut-off is low [77]. The mean Qmeci
screen score of pre-frail participants, providing more detailed evaluation of specific
cognitive domains at the face to face assessment, was 64.5/100 £ 11.32, within the
accepted range of cut-off scores for separating mild cognitive impairment from normal
cognition: between 64 and 70/100 [60] suggesting that many of these participants were
manifesting early evidence of cognitive deficits in keeping with cognitive pre-frailty.
The median and interquartile range of Qmci screen scores are presented in Table 2.

Table 2. Distribution of Quick Mild Cognitive Impairment (Qmci) screen scores including
maximum score, median and interquartile range for pre-frail older adults including in second
level assessment.

Subtest Max score | Median | Interquartile range (Q3—Q1) = £
Orientation 10 10 (10 -10) £ 0

Registration 5 5 G-5=x0

Clock drawing 15 15 (15-15 =0

Delayed recall 20 12 (16 —12) + 4

Verbal fluency 20 8 (11 -5 =£8

Logical memory 30 16 (18 -12) £ 6

Total Qmeci screen score | 100 65 (72 — 58) £14

During the course of the evaluation, pre-frail older adults were asked to complete
the cognitive training modules over a period of 12 weeks, 3 times per week with each
session lasting for an hour. The cognitive training tasks were selected from the Gutt-
mann NeuroPersonalTrainer® and incorporated into the platform in two blocks: the
first group (Block 1) were assessment-oriented tasks and the second group (Block 2)
training-oriented tasks. Block 1 was composed of 10 different tasks, Block 2, 25 tasks.
Both sets of tasks addressed the primary cognitive functions related to ADL. At the
completion of each session, users received a score from 0 to a maximum of 100 points.
The therapeutic range was set between 65%-85% of peak performance and difficulty
levels were adjusted according to individual performance. Cognitive training was tri-
alled in both evaluation sites. In Enschede (Netherlands) 18 older adults participated
individually completing a total of 893 tasks during 107 sessions. In Campania (Italy)
53 participated in 15 collective (group) sessions: a total of 223 individual log in’s to the
trainer. Usability testing showed that most participants who were evaluated, eight
participants in the Netherlands and ten in Italy, were satisfied. The average satisfaction
score across the two sites using the system usability scale (SUS), a subjective 10-item
Likert scale measuring usability [78], was 64/100 supporting the usability of the
cognitive training module. Interview sessions were also completed with users who
provided additional information on the format of the NeuroPersonalTrainer®. Based
upon these results the following recommendations were made:
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Recommendation: Cognitive training tasks for use with pre-frail older adults
should be easy to understand and use. Important information should be provided in a
large, conspicuous, non-crowded format in the person’s central visual field.

Recommendation: The visual display on cognitive training devices for pre-frail
older adults should be simple; avoiding distracting visual stimuli (such as elaborate
backgrounds and flashing or flickering lights) unless they are used judiciously to signal
a specific required action or function.

Recommendation: Clear instructions should be provided to pre-frail older adults
before each cognitive training task, particularly where additional effort is required on
behalf of the end user (e.g. sustained attention tasks).

Recommendation: Immediate feedback should always be provided to pre-frail
older adults after completing individual cognitive training activities. Aggregated
information should also be provided to show trends or evolution in performance over
time.

Recommendation: The difficulty of cognitive training tasks for pre-frail older adults
should be tailored to each individual’s level based upon normative data for these tasks.

Recommendation: Cognitive training modules for pre-frail older people should be
adapted to mobile/smart technologies and devices. Engagement with training should
be encouraged with techniques such as gamification or through the use of group work
(either remotely or at centralised locations).

Recommendation: Fields that represent pre-frail older adults’ interests or hobbies
should be used throughout cognitive tasks (in the form of images, texts, words etc.) to
personalise the experience for older adults.

Physical Training Module

Frailty and pre-frailty are associated with a defined frailty phenotype characterised by
Fried’s criteria which includes symptoms of weakness, exhaustion, reduced physical
activity and slow walking speed [7]. Frailty is also associated with prodromal disease
states such as sarcopenia, osteopenia and osteoporosis that contribute and exacerbate
the impact of frailty related adverse outcomes such as falls and hip fractures [79].
Identifying early physical decline is therefore important to initiate interventions to
prevent these events. Regular physical activity, particularly resistance exercises can
slow the development of frailty [80]. Data also suggests that exercise interventions can
improve ADL function among frail older adults and delay progression of functional
impairment or disability, though which particular interventions offer the most benefit is
unclear [81]. The Otago Exercise Programme (OEP), an established, validated, cost-
effective home-based tailored falls prevention programme [82], reduces the risk of falls
and mortality among older community dwellers [83], though it is unknown whether it
can be used remotely by pre-frail older patients. A technology-supported self-
management, physical training module platform, based on the OEP, was developed for
use on the PERSSILAA platform, structured around an existing system called the
Condition Coach (CoCo) [84], containing advice and instructional videos, which were
adapted for use with pre-frail older adults through an iterative design approach [85].
Participants using the physical training module were asked to log in and train online
three times a week over three months. Data showed that there were high levels of
compliance and tolerance with the programme. Of the participants finishing the
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complete protocol (i.e. 12 weeks of training), the majority continued using the service
for up to one year. High levels of satisfaction were reported, an average score of 84/100
on the SUS. In the mcRCT average Chair Stand Test and Two minutes step test scores
increased for those using the physical training model compared to controls, though this
did not reach statistical significance.

Recommendation: Strategies to motivate pre-frail older adults to begin and to
continue using physical training modules on ICT supported platforms should be
included as part of the implementation process.

Recommendation: A ‘home’ online physical training module provided on an ICT
supported platform is feasible for pre-frail older adults, though professional support
seems useful and should be provided as back up.

Recommendation: The provision of physical training modules on ICT supported
platforms to pre-frail older adults, at risk of frailty or functional decline may enable
them to improve their physical fitness, though more evidence is required.

Health and ICT Literacy

Older adults now represent the fastest growing section of society [1] and are biggest
users of healthcare. Despite this, insufficient attention is paid to their understanding of
health literature and few measures have been put in place to improve this [86].
PERSSILAA identified this as one of the biggest challenges in introducing ICT-
supported screening, triage and management strategies. It is known that simple mea-
sures can rapidly improve older person’s understanding [87] and this is also applicable
to eHealth literacy skills [88]. To overcome these difficulties, health and ICT literacy
programmes were developed in Italy, utilising a ‘Train the Trainer’ approach with
healthcare professionals and local volunteers teaching older adults as part of the
PERSSILAA response. In total, 2,560 older adults attended ICT training, with a
median of 14 people attending per lesson. Feedback was excellent with older adults
reporting that they would not have been able to interact with the training and moni-
toring modules without it (see Sect. 3.5).

3.4 Effects on Quality of Life

Frailty [89] and its subdomains including nutritional and physical impairment are
associated with reduced quality of life in older adults [90, 91]. As part of the planning
for the PERSSILAA project a survey conducted with participants suggested pre-
existing high levels of loneliness and depressive symptoms. In all, 73% reported feeling
empty and 74% mow mood or depressive symptoms. To explore this further, the
European Quality of Life—5 Dimensions questionnaire (Euroqol EQ-5D), scored from O
(worst imaginable health state) to 100 (best imaginable health state), was used to
measure the effects of the PERSSILAA training modules on participants’ quality of
life. This was also included to facilitate an economic analysis of the cost effectiveness
of the project. The EQ-5D was measured at baseline and end-point for those partici-
pating in the mcRCT. The final mean score increased compared with the initial
assessment by a mean of 10 points suggesting that those using PERSSILAA reported a
higher quality of life after using the platform. The Short-Form 12 (SF-12), which
includes both physical and mental domains taken from the more comprehensive SF-36
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was used to measure perceived health. Higher scores were found on the Mental
Component Survey of the SF-12 for those using PERSSILAA training services com-
pared to the control group, suggesting that better mental health is associated with the
use of the platform. Based on this, we concluded that participation with the project
design improved perceived quality of life. This would be expected given that several
components of the PERSSILAA training modules such as exercise [92] and nutrition
[93] are known to improve participant motivation, mood and quality of life.

Recommendation: Engaging in online multi-domain training modules to manage
pre-frailty may improve the perceived quality of life of older adults.

3.5 Monitoring for the Development of Frailty — Frailty Transitions

Frailty is increasingly being recognised as a dynamic syndrome where individuals may
transition through different trajectories from frail to pre-frail or robust [17]. The evi-
dence however suggests that this is usually unidirectional with few older adults tran-
sitioning from frail to pre-frail or robust when followed in longitudinal studies [17].
However, these have been limited by the type of data available, which relies on face to
face assessment. While technology can provide unobtrusive monitoring, it may also
distract end-users and lead to ‘attention theft’, necessitating a more non-invasive
approach in the home environment, particularly when daily activities are being mea-
sured [94]. Further, while useful with younger adults, it is unclear if such models are
applicable to pre-frail or frail older participants. While older adults do engage with ICT,
its uptake is low [95]. Further, it is challenging to combine all the information collected
in a meaningful way in order to obtain an overview of the everyday functioning of pre-
frail older adults. Different approaches to monitoring were used in PERSSILAA to
overcome these challenges depending on the pre-frailty domain assessed. To facilitate
monitoring, software was provided on the portal, and on mobile and home sensing
devices. All data were collected automatically and uploaded into the PERSSILAA
database for analysis. The following approach was taken: transitions between different
frailty states (robust, pre-frail and frail) were examined using the GFI data at baseline
and end-point. Nutrition was monitored using two questionnaires to evaluate eating
habits: the 24-h dietary recall and an additional ‘general’ questionnaire developed by
the PERSSILAA investigators. To supplement this, a ‘smart scale’ (weighing scale
connected wirelessly to a computer application) was used to monitor participant’s
weight on a daily basis. For cognition a shorter version of the full Guttmann
NeuroPersonalTrainer® was developed to enable monitoring of cognitive function over
time in short sessions of less than 15 min comparing each score with baseline and the
previous results. For physical function a step counter was chosen to monitor daily
physical activity and obtain an overview of physical functioning, all collected by means
of a smartphone application. Wellbeing was also measured daily using a smartphone
application recorded. The acceptability of the monitoring module was evaluated
through semi-structured interviews and by measuring how frequently the technology
was used over one month of follow-up.

In all, 169 participants had completed the GFI at baseline and end-point, of whom
78% remained robust, while half remained stable: pre-frail or frail. One quarter tran-
sitioned from frail to pre-frail and from pre-frail to robust. One fifth converted from



ICT-Supported Interventions Targeting Pre-frailty 83

pre-frailty to established frailty (See Fig. 2). The proportion transitioning is higher than
that reported previously and likely represents differences in the way that data is col-
lected and a shorter period of follow-up. There was no statistically significant difference
in overall ‘global’ frailty status as measured by the GFI between those included in the
mcRCT as cases utilising the PERSSILAA training modules and pre-frail controls,
p > 0.05. In addition, 12 participants took part in the monitoring feasibility sub-study.
Each completed a survey at baseline to understand their usual self-reported familiarity
and ease with using ICT. These were then followed for one month with daily weights
(‘smart scale’) and a pedometer to assess fluctuations in weight and physical activity.
Overall, the compliance of participants was modest suggesting that ICT monitoring
devices should be carefully designed to meet their requirements. Most participants
stated that they understood the importance of a healthy diet and physical exercise for
their overall health.

2(2%)

70 (78%) 25(52%)
12 (25%) 8(26%)
—
18 (20%) 11(23%)

7(23%)

Fig. 2. Frailty transitions (n = 169) for participants with baseline and end-point Groningen
Frailty Indicator scores between 201416 [61].

It was also found that most participants enjoyed the ‘brain training’ games but
preferred not to be confronted or compared with the results of peers. Overall, the results
of the continuous ICT monitoring showed mixed results and showed that while open to
new technology to improve their health, it must meet their needs and expectations.
Thus, further research is required to examine the benefits of continuous monitoring.
Striking the balance between non-invasive monitoring that is non-obtrusive and avoids
‘attention theft’ and more obvious strategies that increase awareness and encourage use
of ICT are needed to gain wider acceptance among this target group.

Recommendation: There is likely to be no ‘one-size-fits-all” approach to monitoring
older community dwellers for pre-frailty. However, ICT training is required for older
adults in order for them to engage with monitoring, particularly where end-user
feedback is required.

Recommendation: Monitoring of everyday function must be complemented by
meaningful (older adult-specific) information to support the adoption of healthier
behaviours.



84 R. O’Caoimh et al.

Recommendation: Technology to support the prevention of functional decline must
go beyond the disease oriented-perspective and focus, instead, on strategies to
maintain independence in daily activities.

Recommendation: When remotely monitoring older adults’ health (pre-frailty)
status using ICT technologies, systems should provide feedback on the data collected.

4 Conclusions

This work describes the healthcare findings of the three-year, FP7-funded, PERSSI-
LAA project, highlighting the potential of a multi-domain, ICT-based service module
employing gamification techniques in targeting pre-frail older adults living in the
community at risk of becoming frail and developing functional decline. The results of
the project are discussed in terms of the healthcare recommendations that can be drawn
from the project that could be used to support the development of European guidelines
on managing pre-frailty. This is much needed as frailty represents an important
emerging public health challenge for the EU [96]. To date, interventions have been
predominantly reactionary in response to manifest frailty or confined to limited
evidence-based, clinical approaches to manage frailty including exercise training and
nutritional supplementation [97]. Giving the increasing numbers of older adults in the
EU [1], there is now recognition that preventative approaches are urgently required [96]
and interest has focused on the ability of technology to support early detection and
monitoring of those at greatest risk [43].

The results of PERSSILAA demonstrate both the acceptability and feasibility of
deploying an integrated ICT-based platform for use by with older adults, who tradi-
tionally find the use of such technology difficult [98], especially where they have
coexisting physical or cognitive impairment [99, 100]. As far as we are aware, this is
the first study to examine the experience of using ICT among older, pre-frail, com-
munity dwellers. The results show that these rated all three training modules (nutri-
tional, cognitive and physical) high for usability. Further, results were consistent for the
two disparate populations sampled: older Dutch community-dwelling adults attending
general practice (their family doctor) and older Italians living in communities centred
on their local church. Although only older Portuguese individuals assessed the
NUTRIAGEING™ website, it unlikely that their views differ considerably from the
other participants in Italy or the Netherlands.

In total, PERSSILAA screened over four thousand community-dwellers and
showed the feasibility of employing multi-modal screening approaches including postal
and online questionnaires and targeted approaches through primary care to identify
suitable participants in such studies. The screening approach using validated short
frailty and domain-specific instruments shows the potential of and necessity for a two-
step screening and assessment approach in order to identify suitable participants. This
was important and is consistent with evidence that two-step screening is preferable
[50]. It also supports evidence that primary care is a suitable target to identify
community-dwellers at risk of developing frailty and an appropriate location for the
implementation of such approaches [101]. The study demonstrated clear frailty tran-
sitions over the course of the project with only small numbers (2%) transitioning from
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robust to frail during follow-up. Reversibility was also seen with one quarter of frail
and pre-frail individuals transitioning to a lower frailty status.

eHealth interventions offer the option for older people to assess both information
and therapeutic strategies while networking with peers and healthcare professionals
[102]. Despite this, few studies have incorporated eHealth literacy interventions into
studies evaluating health outcomes. Another important result from PERSSILAA is that
health literacy and ICT (eHealth) literacy are useful in supporting older people to
access such services. Older Italians taking part in PERSSILAA felt they benefited most
from the social environment created by the classrooms provided. In contrast to this,
Dutch participants preferred to train alone and preferred not compare results with their
peers. This likely reflects different cultural backgrounds and suggests that a one size fits
all approach is unlikely to be successful when integrating ICT into the everyday lives
of older Europeans to improve their health status. Gamification is now increasingly
recognised as an important strategy to motivate behaviour change and has shown the
potential to significantly increase adherence and improve healthcare outcomes [46].
PERSSILAA is also one of the first studies to study the effects of gamification [43] on
older adults and how it may help engage them with ICT training modules.

The results also highlight many of the challenges and limitations of undertaking
similar studies, particularly the difficulty of sampling an ill-defined population: pre-
frail, older adults, who while at risk for subsequent frailty and functional decline may
not be aware of this or motivated enough to engage with screening processes. While,
the two-stage process enhanced the screening pathway, it is possible that some par-
ticipants may have been misclassified as no gold-standard independent assessment was
performed e.g. by a consultant geriatrician. This is a recognised limitation of such work
where the application of screening tests or frailty scales cannot be considered an
equivalent [103]. However, several of the screens used have excellent sensitivity
though relatively poor specificity meaning that a face-to-face assessment was required
to ensure that participants were pre-frail. The results did suggest that this strategy had
reasonable accuracy in correctly classifying participants. Another limitation of the
project is that due to restricted resources not all those screening positive for pre-frailty
had a repeat assessment at the end-point of the study and only a small number were
monitored. This limited the ability of the study to demonstrate frailty transitions.
Hence, during the evaluation period the results presented may not be representative of
the true trajectory of frailty in this population. Such proportionally high (approx. 20%)
transitions from one frailty state to another over a short period are in contrast with data
presented elsewhere in larger samples over longer periods [17]. Therefore, it is likely
that this reflects the limitations of the screening and assessment process itself, delivered
both remotely and face-to-face using validated instruments. This said, PERSSILAA
aimed to show the potential for self-screening or screening by lay persons, something
that is likely to become more widely accepted as healthcare becomes more proactive
and less reactive, stepping away from the traditional medical model. Another limitation
is that only a small sample trialled the full platform, released in stages as it was
developed, which meant that no significant impact upon GFI scores were seen. This
limits the project to the development and evaluation of a service platform, which was
the main focus of the research. Thus, as a proof of concept PERSSILAA shows the
potential to use a multi-domain ICT-based platform with older, pre-frail adults.
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In summary, this work presents an overview of 25 healthcare-related recommen-
dations arising from the PERSSILAA project. The study provides the first practical
guidance on how to develop and evaluate a novel ICT supported service to identify,
assess, manage and then monitor pre-frailty to slow or prevent the emergence of
established frailty and associated functional decline, showing the potential for an ICT
platform targeting key pre-frailty domains: nutrition, cognition and physical function.
The results of this evaluation are being analysed further and future research is being
planned to validate the PERSSILAA platform with a suitably powered RCT to
determine if ICT-supported services can prevent or delay onset of frailty and functional
decline in pre-frail community-dwelling older adults.

Acknowledgements. The authors wish to thank all the PERSSILAA participants throughout the
three years of the project. Specifically, the authors thank - all older adults who joined the project:
for Italy this includes residents from the Confalone, Pilar, Rogazionisti and Santa Maria della
Salute communities; for the Netherlands this includes those in the municipalities of Enschede,
Hengelo, Tubbergen and Twenterand. The researchers would also like to acknowledge the not for
profit organizations in Italy who collaborated (Progetto Alfa, Salute in Collina), the healthcare
professionals from Campania (Local Health Agency Naples 1, CRIUV) and the health systems
including General Practitioners who supported the project in the Netherlands.

References

1. Rechel, B., Grundy, E., Robine, J.M., Cylus, J., Mackenbach, J.P., Knai, C., et al.: Ageing
in the European Union. Lancet 381(9874), 1312-1322 (2013)

2. Collard, R.M., Boter, H., Schoevers, R.A., Oude Voshaar, R.C.: Prevalence of frailty in
community-dwelling older persons: a systematic review. J. Am. Geriatr. Soc. 60(8), 1487-
1492 (2012)

3. Sternberg, S.A., Schwartz, A.W., Karunananthan, S., Bergman, H., Clarfield, A.M.: The
identification of frailty: a systematic literature review. J. Am. Geriatr. Soc. 59, 2129-2138
(2011)

4. Borges, L.L., Menezes, R.L.: Definitions and markers of frailty: a systematic review of
literature. Rev. Clin. Gerontol. 21(1), 67-77 (2011)

5. Rodriguez-Mafias, L., Féart, C., Mann, G., Vifia, J., Chatterji, S., Chodzko-Zajko, W.,
Harmand, M.G., Bergman, H., Carcaillon, L., Nicholson, C., Scuteri, A.: Searching for an
operational definition of frailty: a Delphi method based consensus statement. The frailty
operative definition-consensus conference project. J. Gerontol. A Biol. Sci. Med. Sci. 68(1),
62-67 (2013)

6. Morley, J.E., Vellas, B., van Kan, G.A., et al.: Frailty consensus: a call to action. J. Am.
Med. Dir. Assoc. 14, 392-397 (2013)

7. Fried, L.P., Tangen, C.M., Walston, J., et al.: Frailty in older adults: evidence for a
phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 56, 146-156 (2001)

8. Olaroiu, M., Ghinescu, M., Naumov, V., Brinza, I., Heuvel, W.: The psychometric qualities
of the Groningen frailty indicator in Romanian community-dwelling old citizens. Fam.
Pract. 31(4), 490—495 (2014)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ICT-Supported Interventions Targeting Pre-frailty 87

. At, J., Bryce, R., Prina, M., Acosta, D., Ferri, C.P., Guerra, M., Huang, Y., Rodriguez, J.J.,

Salas, A., Sosa, A.L., Williams, J.D., Dewey, M.E., Acosta, 1., Liu, Z., Beard, J., Prince,
M.: Frailty and the prediction of dependence and mortality in low- and middle-income
countries: a 10/66 population-based cohort study. BMC Med. 13, 138 (2015)

Rockwood, K., Song, X., MacKnight, C., et al.: A global clinical measure of fitness and
frailty in elderly people. CMAJ 173(5), 489-495 (2005)

Cesari, M., Gambassi, G., Abellan van Kan, G., Vellas, B.: The frailty phenotype and the
frailty index: different instruments for different purposes. Age Ageing 43(1), 10-12 (2013)
Blodgett, J., Theou, O., Kirkland, S., Andreou, P., Rockwood, K.: Frailty in NHANES:
comparing the frailty index and phenotype. Arch. Gerontol. Geriatr. 60(3), 464—470 (2015)
Harttgen, K., Kowal, P., Strulik, H., Chatterji, S., Vollmer, S.: Patterns of frailty in older
adults: comparing results from higher and lower income countries using the Survey of
Health, Ageing and Retirement in Europe (SHARE) and the Study on Global AGEing and
Adult Health (SAGE). PLoS ONE 8, ¢75847 (2013)

Syddall, H., Roberts, H.C., Evandrou, M., Cooper, C., Bergman, H., Sayer, A.A.
Prevalence and correlates of frailty among community-dwelling older men and women:
findings from the Hertfordshire Cohort Study. Age Ageing 39(2), 197-203 (2009)
Santos-Eggimann, B., Cuenoud, P., Spagnoli, J., Junod, J.: Prevalence of frailty in middle-
aged and older community-dwelling Europeans living in 10 countries. J. Gerontol. A Biol.
Sci. Med. Sci. 64, 675-681 (2009)

Roe, L., O’Halloran, A., Normand, C., Murphy, C.: The impact of frailty on public Health
Nurse Service Utilisation: Findings from the Irish Longitudinal Study on Ageing (TILDA)
(2016)

Gill, T.M., Gahbauer, E.A., Allore, H.G., Han, L.: Transitions between frailty states among
community-living older persons. Arch. Intern. Med. 166(4), 418-423 (2006)

Lang, P.O., Michel, J.P., Zekry, D.: Frailty syndrome: a transitional state in a dynamic
process. Gerontology 55(5), 539-549 (2009)

Gray, S.L., Anderson, M.L., Hubbard, R.A., LaCroix, A., Crane, P.K., McCormick, W.,
Bowen, J.D., McCurry, S.M., Larson, E.B.: Frailty and incident dementia. J. Gerontol.
A Biol. Sci. Med. Sci. 68(9), 1083-1090 (2013)

Sergi, G., Veronese, N., Fontana, L., De Rui, M., Bolzetta, F., Zambon, S., Corti, M.C.,
Baggio, G., Toffanello, E.D., Crepaldi, G., Perissinotto, E.: Pre-frailty and risk of
cardiovascular disease in elderly men and women: the Pro. VA study. J. Am. Coll. Cardiol.
65(10), 976-983 (2015)

O’Caoimh, R., Healy, E., O’Connell, E., Gao, Y., Molloy, D.W.: The community
assessment of risk tool, (CART): investigation of inter-rater reliability for a new instrument
measuring risk of adverse outcomes in community dwelling older adults. Ir. J. Med. Sci.
181(S7), 227 (2012)

O’Caoimh, R., Gao, Y., Svendrovski, A., Healy, E., O’Connell, E., O’Keeffe, G., Cronin,
U., O’Herlihy, E., Cornally, N., Molloy, D.W.: Screening for markers of frailty and
perceived risk of adverse outcomes using the Risk Instrument for Screening in the
Community (RISC). BMC Geriatr. 14, 104 (2014). https://doi.org/10.1186/1471-2318-14-
104

O’Caoimh, R., Gao, Y., Svendrovski, A., Healy, E., O’Connell, E., O’Keeffe, G., Leahy-
Warren, P., Cronin, U., O’Herlihy, E., Cornally, N., Molloy, D.W.: The risk instrument for
screening in the community (RISC): a new instrument for predicting risk of adverse
outcomes in community dwelling older adults. BMC Geriatr. 15, 92 (2015). https://doi.org/
10.1186/s12877-015-0095-z


http://dx.doi.org/10.1186/1471-2318-14-104
http://dx.doi.org/10.1186/1471-2318-14-104
http://dx.doi.org/10.1186/s12877-015-0095-z
http://dx.doi.org/10.1186/s12877-015-0095-z

88

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

R. O’Caoimh et al.

Kahlon, S., Pederson, J., Majumdar, S.R., Belga, S., Lau, D., Fradette, M., Boyko, D.,
Bakal, J.A., Johnston, C., Padwal, R.S., McAlister, F.A.: Association between frailty and
30-day outcomes after discharge from hospital. Can. Med. Assoc. J. 187(11), 799-804
(2015)

Robinson, T.N., Wu, D.S., Stiegmann, G.V., Moss, M.: Frailty predicts increased hospital
and six-month healthcare cost following colorectal surgery in older adults. Am. J. Surg. 202
(5), 511-514 (2011)

Song, X., Mitnitski, A., Rockwood, K.: Prevalence and 10-year outcomes of frailty in older
adults in relation to deficit accumulation. J. Am. Geriatr. Soc. 58(4), 681-687 (2010)
Bousquet, J., Michel, J.P., Strandberg, T., Crooks, D., Iakovidis, I., Iglesia, M.: The
European innovation partnership on active and healthy ageing: the European geriatric
medicine introduces the EIP on AHA column. Eur. Geriatr. Med. 5, 361-362 (2014)
Fairhall, N., Kurrle, S.E., Sherrington, C., Lord, S.R., Lockwood, K., John, B., Monaghan,
N., Howard, K., Cameron, 1.D.: Effectiveness of a multifactorial intervention on preventing
development of frailty in pre-frail older people: study protocol for a randomised controlled
trial. BMJ Open 5(2), e007091 (2015)

O’Caoimh, R., Sweeney, C., Hynes, H., et al.: COLLaboration on AGEing — COLLAGE:
Ireland’s three star reference site for the European Innovation Partnership on Active and
Healthy Ageing (EIP on AHA). Eur. Geriatr. Med. 6, 505-511 (2015)

Michel, J.P., Dreux, C., Vacheron, A.: Healthy ageing: evidence that improvement is
possible at every age. Eur. Geriatr. Med. 7(4), 298-305 (2016)

Frost, R., Belk, C., Jovicic, A., Ricciardi, F., Kharicha, K., Gardner, B., et al.: Health
promotion interventions for community-dwelling older people with mild or pre-frailty: a
systematic review and meta-analysis. BMC Geriatr. 17, 157 (2017)

Fiatarone Singh, M.A., Gates, N., Saigal, N., et al.: The Study of Mental and Resistance
Training (SMART) study-resistance training and/or cognitive training in mild cognitive
impairment: a randomized, double-blind, double-sham controlled trial. J. Am. Med. Dir.
Assoc. 15(12), 873-880 (2014)

Ngandu, T., Lehtisalo, J., Solomon, A., Levilahti, E., Ahtiluoto, S., Antikainen, R.,
Béckman, L., Hanninen, T., Jula, A., Laatikainen, T., Lindstrom, J.: A 2 year multidomain
intervention of diet, exercise, cognitive training, and vascular risk monitoring versus
control to prevent cognitive decline in at-risk elderly people (FINGER): a randomised
controlled trial. Lancet 385(9984), 2255-2263 (2015)

O’Caoimh, R., Sato, S., Wall, J., Igras, E., Foley, M.J., Timmons, S., Molloy, D.W.:
Potential for a “memory gym” intervention to delay conversion of mild cognitive
impairment to dementia. J. Am. Med. Dir. Assoc. 16(11), 998-999 (2015)

Bherer, L., Erickson, K.I., Liu-Ambrose, T.: A review of the effects of physical activity and
exercise on cognitive and brain functions in older adults. J. Aging Res. J. Aging. Res. 2013
(2013). http://dx.doi.org/10.1155/2013/657508. Atrticle ID: 657508

Pahor, M., Guralnik, J.M., Ambrosius, W.T., Blair, S., Bonds, D.E., Church, T.S.,
Espeland, M.A., Fielding, R.A., Gill, T.M., Groessl, E.J., King, A.C.: Effect of structured
physical activity on prevention of major mobility disability in older adults: the LIFE study
randomized clinical trial. JAMA 311(23), 2387-2396 (2014)

Beswick, A.D., Rees, K., Dieppe, P., Ayis, S., Gooberman-Hill, R., Horwood, J., Ebrahim,
S.: Complex interventions to improve physical function and maintain independent living in
elderly people: a systematic review and meta-analysis. Lancet 371, 725-735 (2008)
Serra-Prat, M., Sist, X., Domenich, R., Jurado, L., Saiz, A., Roces, A., et al.: Effectiveness
of an intervention to prevent frailty in pre-frail community-dwelling older people
consulting in primary care: a randomised controlled trial. Age Ageing 46, 1-7 (2017)


http://dx.doi.org/10.1155/2013/657508

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

ICT-Supported Interventions Targeting Pre-frailty 89

Kerédnen, N.S., Kangas, M., Immonen, M., Simild, H., Enwald, H., Korpelainen, R., Jims4,
T.: Use of information and communication technologies among older people with and
without frailty: a population-based survey. J. Med. Internet Res. 19(2), €29 (2017)
Broekhuizen, K., de Gelder, J., Wijsman, C.A., Wijsman, L.W., Westendorp, R.G.,
Verhagen, E., Slagboom, P.E., de Craen, A.J., van Mechelen, W., van Heemst, D., van der
Ouderaa, F.: An internet-based physical activity intervention to improve quality of life of
inactive older adults: a randomized controlled trial. J. Med. Internet Res. 18(4), €74 (2016)
Lee, P.H., Lee, Y.S., Chan, D.C.: Interventions targeting geriatric frailty: a systemic review.
J. Clin. Gerontol. Geriatr. 3(2), 47-52 (2012)

Turner, G., Clegg, A.: British Geriatrics Society; Age UK; Royal College of General
Practioners. Best practice guidelines for the management of frailty: a British Geriatrics
Society, Age UK and Royal College of General Practitioners report. Age Ageing 43(6),
744-747 (2014)

Van Velsen, L., Illario, M., Jansen-Kosterink, S., Crola, C., Di Somma, C., Colao, A.,
Vollenbroek-Hutten, M.: A community-based, technology-supported health service for
detecting and preventing frailty among older adults: a participatory design development
process. J. Aging Res. (2015). https://doi.org/10.1155/2015/216084

de Vette, F., Tabak, M., Dekker-van Weering, M., Vollenbroek-Hutten, M.: Engaging
elderly people in telemedicine through gamification. JMIR Serious Games 3(2), €9 (2015)
Lumsden, J., Edwards, E.A., Lawrence, N.S., Coyle, D., Munafo, M.R.: Gamification of
cognitive assessment and cognitive training: a systematic review of applications and
efficacy. JMIR Serious Games 4, 2 (2016)

Patel, M.S., Benjamin, E.J., Volpp, K.G., Fox, C.S., Small, D.S., Massaro, J.M., Lee, J.J.,
Hilbert, V., Valentino, M., Taylor, D.H., Manders, E.S., Mutalik, K., Zhu, J., Wang, W.,
Murabito, J.M.: Effect of a game-based intervention designed to enhance social incentives
to increase physical activity among families. The BE FIT randomized clinical trial. JAMA
Intern. Med. (2017). https://doi.org/10.1001/jamainternmed.2017.3458

Boehler, C.E., de Graaf, G., Steuten, L., Yang, Y., Abadie, F.: Development of a web-based
tool for the assessment of health and economic outcomes of the European Innovation
Partnership on Active and Healthy Ageing (EIP on AHA). BMC Med. Inform. Decis. Mak.
15(S3), 4 (2015)

Illario, M., laccarino, G., Piazza, O., Menditto, E., Coscioni, E.: Proceedings of the EIP on
AHA: A3 action group on frailty. Transl. Med. UniSa 13, 1-3 (2016)

de Vries, N.M., Staal, J.B., van Ravensberg, C.D., Hobbelen, J.S.M., Olde Rikkerte, M.G.
M., Nijhuis-van der Sanden, M.W.G.: Outcome instruments to measure frailty: a systematic
review. Ageing Res. Rev. 10, 104-114 (2011)

van Kempen, J.A., Schers, H.J., Philp, 1., Rikkert, M.G.O., Melis, R.J.: Predictive validity
of a two-step tool to map frailty in primary care. BMC Med. 13(1), 1 (2015)

Steverink, N., Slaets, J.P.J., Schuurmans, H., Van Lis, M.: Measuring frailty: developing
and testing the GFI (Groningen Frailty Indicator). Gerontologist 41(S1), 236 (2001)
O’Caoimh, R., Gao, Y., McGlade, C., Healy, L., Gallagher, P., Timmons, S., Molloy, D.
W.: Comparison of the quick mild cognitive impairment (Qmci) screen and the SMMSE in
screening for mild cognitive impairment. Age Ageing 41(5), 624-629 (2012)

O’Caoimh, R., Gao, Y., Gallagher, P., Eustace, J., McGlade, C., Molloy, D.W.: Which part
of the quick mild cognitive impairment screen (Qmci) discriminates between normal
cognition, mild cognitive impairment and dementia? Age Ageing 42, 324-330 (2013)
O’Caoimh, R., Svendrovski, A., Johnston, B., Gao, Y., McGlade, C., Timmons, S.,
Eustace, J., Guyatt, G., Molloy, D.W.: The quick mild cognitive impairment screen
correlated with the standardised Alzheimer’s disease assessment scale-cognitive section in
clinical trials. J. Clin. Epidemiol. 67, 87-92 (2014)


http://dx.doi.org/10.1155/2015/216084
http://dx.doi.org/10.1001/jamainternmed.2017.3458

90

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

R. O’Caoimh et al.

Bunt, S., O’Caoimh, R., Krijnen, W.P., Molloy, D.W., Goodijk, G.P., van der Schans, C.P.,
Hobbelen, J.S.M.: Validation of the dutch version of the quick mild cognitive impairment
screen (Qmci-D). BMC Geriatr. 15, 115 (2015). https://doi.org/10.1186/s12877-015-0113-
1

O’Caoimh, R., Timmons, S., Molloy, D.W.: Screening for mild cognitive impairment:
comparison of “MCI Specific” screening instruments. J. Alzheimer’s Dis. 51(2), 619-629
(2016)

Yavuz, B.B., Hacer, D.V., O’Caoimh, R., Kizilarslanoglu, M.C., Kilic, M.K., Molloy, D.
W., Dogrul, R.T., Karabulut, E., Sagir, A., Yesil, Y., Kuyumcu, M.E., Halil, M.,
Cankurtaran, M.: Validation of the Turkish version of the quick mild cognitive impairment
screen (Qmci-TR). Am. J. Alzheimer’s Dis. Other Dement. 32(3), 145-156 (2017)

Xu, Y., Yu, Y., Li, X., Chen, Z., Gao, Y., Molloy, D.W., O’Caoimh, R.: Development of
the Chinese version of the quick mild cognitive impairment (Qmci-CN). Age Ageing 46
(S3), 57 (2017)

O’Caoimh, R., Molloy, D.William: The quick mild cognitive impairment screen (Qmci). In:
Larner, A.J. (ed.) Cognitive Screening Instruments, pp. 255-272. Springer, Cham (2017).
https://doi.org/10.1007/978-3-319-44775-9_12

O’Caoimh, R., Gao, Y., Gallagher, P., Eustace, J., Molloy, W.: Comparing approaches to
optimize cut-off scores for short cognitive screening instruments in mild cognitive
impairment and dementia. J. Alzheimer’s Dis. 57(1), 123-133 (2017)

O’Caoimh, R., Molloy, D.W., Fitzgerald, C., Van Velsen, L., Cabrita, M., Nassabi, M.H.,
de Vette, F., Dekker-van Weering, M., Jansen-Kosterink, S., Kenter, W., Frazer, S., et al.:
Healthcare recommendations from the personalised ICT supported service for independent
living and active ageing (PERSSILAA) study. In: ICT4Ageing Well 2017, Porto, Portugal,
28-29 April 2017 (2017)

Goisser, S., Guyonnet, S., Volkert, D.: The role of nutrition in frailty: an overview.
J. Frailty Aging 5(2), 74-77 (2016)

MacLeod, S., Musich, S., Gulyas, S., Cheng, Y., Tkatch, R., Cempellin, D., et al.: The
impact of inadequate health literacy on patient satisfaction, healthcare utilization, and
expenditures among older adults. Geriatr. Nurs. 38(4), 334-341 (2017)

Shakersain, B., Santoni, G., Faxén-Irving, G., Rizzuto, D., Fratiglioni, L., Xu, W.:
Nutritional status and survival among old adults: an 11-year population-based longitudinal
study. Eur. J. Clin. Nutr. 70, 320-325 (2016)

Schilp, J., Kruizenga, H.M., Wijnhoven, H.A., Leistra, E., Evers, A.M., van Binsbergen, J.
J., Deeg, D.J., Visser, M.: High prevalence of undernutrition in Dutch community-dwelling
older individuals. Nutrition 28(11), 1151-1156 (2012)

O’Shea, E., Trawley, S., Manning, E., Barrett, A., Browne, V., Timmons, S.: Malnutrition
in hospitalised older adults: a multicentre observational study of prevalence, associations
and outcomes. J. Nutr. Health Aging 21(7), 830-836 (2017). https://doi.org/10.1007/
$12603-016-0831-x

Pauly, L., Stehle, P., Volkert, D.: Nutritional situation of elderly nursing home residents.
Z. Gerontol. Geriatr. 40(1), 3—-12 (2007)

van Staveren, W.A., de Groot, L.C.P.: Evidence-based dietary guidance and the role of
dairy products for appropriate nutrition in the elderly. J. Am. Coll. Nutr. 30(S5), 429437
(2011)

Plassman, B.L., Langa, K.M., Fisher, G.G., Heeringa, S.G., Weir, D.R., Ofstedal, M.B.,
Burke, J.R., Hurd, M.D., Potter, G.G., Rodgers, W.L., Steffens, D.C.: Prevalence of
cognitive impairment without dementia in the United States. Ann. Intern. Med. 148(6),
427-434 (2008)


http://dx.doi.org/10.1186/s12877-015-0113-1
http://dx.doi.org/10.1186/s12877-015-0113-1
http://dx.doi.org/10.1007/978-3-319-44775-9_12
http://dx.doi.org/10.1007/s12603-016-0831-x
http://dx.doi.org/10.1007/s12603-016-0831-x

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

ICT-Supported Interventions Targeting Pre-frailty 91

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., Ferri, C.P.: The global
prevalence of dementia: a systematic review and meta-analysis. Alzheimers Dementia 9(1),
63-75 (2013)

Satizabal, C.L., Beiser, A.S., Chouraki, V., Chéne, G., Dufouil, C., Seshadri, S.: Incidence
of dementia over three decades in the Framingham Heart Study. N. Engl. J. Med. 374(6),
523-532 (2016)

Matthews, F.E., Arthur, A., Barnes, L.E., et al. (Medical Research Council Cognitive
Function and Ageing Collaboration): A two-decade comparison of prevalence of dementia
in individuals aged 65 years and older from three geographical areas of England: results of
the Cognitive Function and Ageing Study I and II. Lancet, 382(9902), 1405-1412 (2013)
Langa, K.M., Larson, E.B., Crimmins, E.M., et al.: A comparison of the prevalence of
dementia in the United States in 2000 and 2012. JAMA Intern. Med. 177(1), 51-58 (2017).
https://doi.org/10.1001/jamainternmed.2016.6807

Norton, S., Matthews, F.E., Barnes, D.E., Yaffe, K., Brayne, C.: Potential for primary
prevention of Alzheimer’s disease: an analysis of population-based data. Lancet Neurol. 13
(8), 788-794 (2014)

Choi, J., Twamley, E.W.: Cognitive rehabilitation therapies for Alzheimer’s disease: a
review of methods to improve treatment engagement and self-efficacy. Neuropsychol. Rev.
23(1), 48-62 (2013)

Galvin, J.E., Roe, C.M., Powlishta, K.K., Coats, M.A., Muich, S.J., Grant, E., Miller, J.P.,
Storandt, M., Morris, J.C.: The ADS: a brief informant interview to detect dementia.
Neurology 65(4), 559-564 (2005)

Larner, A.J.: AD8 informant questionnaire for cognitive impairment pragmatic diagnostic
test accuracy study. J. Geriatr. Psychiatry Neurol. 28(3), 198-202 (2015)

Brooke, J.: SUS: a “quick and dirty” usability scale. In: Jordan, P.W., Thomas, B.,
Weerdmeester, B.A., McClelland, A.L.: Usability Evaluation in Industry. Taylor and
Francis, London (1996)

Liu, LK., Lee, W.J., Chen, L.Y., Hwang, A.C., Lin, M.H., Peng, L.N., Chen, L.K.:
Association between frailty, osteoporosis, falls and hip fractures among community-
dwelling people aged 50 years and older in Taiwan: results from I-Lan longitudinal aging
study. PLoS ONE 10(9), e0136968 (2015)

Liu, C.K., Fielding, R.A.: Exercise as an intervention for frailty. Clin. Geriatr. Med. 27(1),
101-110 (2011)

Giné-Garriga, M., Roqué-Figuls, M., Coll-Planas, L., Sitja-Rabert, M., Salva, A.: Physical
exercise interventions for improving performance-based measures of physical function in
community-dwelling, frail older adults: a systematic review and meta-analysis. Arch. Phys.
Med. Rehabil. 95(4), 753-769 (2014)

Robertson, M.C., Devlin, N., Scuffham, P., Gardner, M.M., Buchner, D.M., Campbell, A.
J.: Economic evaluation of a community based exercise programme to prevent falls.
J. Epidemiol. Commun. Health 55, 600-606 (2001)

Thomas, S., Mackintosh, S., Halbert, J.: Does the ‘Otago exercise programme’ reduce
mortality and falls in older adults?: a systematic review and meta-analysis. Age Ageing 39
(6), 681-687 (2010)

Tabak, M., Brusse-Keizer, M., van der Valk, P., Hermens, H., Vollenbroek-Hutten, M.: A
telehealth program for self-management of COPD exacerbations and promotion of an active
lifestyle: a pilot randomized controlled trial. Int. J. Chronic Obstr. Pulm. Dis. 9, 935 (2014)
Vollenbroek-Hutten, M., Pais, S., Ponce, S., Dekker-van Weering, M., Jansen-Kosterink,
S., Schena, F., Tabarini, N., Carotenuto, F., Iadicicco, V., Illario, M.: Rest rust! physical
active for active and healthy ageing. Transl. Med.@ UniSa 13, 19 (2015)


http://dx.doi.org/10.1001/jamainternmed.2016.6807

92

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

R. O’Caoimh et al.

Chesser, A.K., Keene Woods, N., Smothers, K., Rogers, N.: Health literacy and older
adults: a systematic review. Gerontol. Geriatr. Med. 2 (2016). https://doi.org/10.1177/
2333721416630492

Manafo, E., Wong, S.: Health literacy programs for older adults: a systematic literature
review. Health Educ. Res. 27(6), 947-960 (2012)

Norman, C., Skinner, H.: eHealth literacy: essential skills for consumer health in a
networked world. J. Med. Internet Res. 8, €9 (2006)

Strawbridge, W.J., Shema, S.J., Balfour, J.L., Higby, H.R., Kaplan, G.A.: Antecedents of
frailty over three decades in an older cohort. J. Gerontol. 53b(1), S9-S16 (1998)

Keller, H.H.: Nutrition and health-related quality of life in frail older adults. J. Nutr. Health
Aging 8(4), 245-252 (2004)

Lenardt, M.H., Carneiro, N.H.K., Albino, J., Willig, M.H.: Quality of life of frail elderly
users of the primary care. Acta Paulista de Enfermagem 27(5), 399-404 (2014)

Gill, D.L., Hammond, C.C., Reifsteck, E.J., Jehu, C.M., Williams, R.A., Adams, M.M.,
et al.: Physical activity and quality of life. J. Prev. Med. Publ. Health 46(1), S28 (2013)
Drewnowski, A., Evans, W.J.: Nutrition, physical activity, and quality of life in older
adults: summary. J. Gerontol. A Biol. Sci. Med. Sci. 56(2), 89-94 (2001)

Bitterman, N.: Design of medical devices—a home perspective. Eur. J. Internal Med. 22(1),
39-42 (2011)

Selwyn, N., Gorard, S., Furlong, J., Madden, L.: Older adults’ use of information and
communications technology in everyday life. Ageing Soc. 23(5), 561-582 (2003)

Cesari, M., Prince, M., Thiyagarajan, J.A., De Carvalho, I.A., Bernabei, R., Chan, P.,
Gutierrez-Robledo, L.M., Michel, J.P., Morley, J.E., Ong, P., Manas, L.R.: Frailty: an
emerging public health priority. J. Am. Med. Dir. Assoc. 17(3), 188-192 (2016)

Sacha, J., Sacha, M., Sobon, J., Borysiuk, Z., Feusette, P.: Is it time to begin a public
campaign concerning frailty and pre-frailty? A review article. Front. Physiol. 11(8), 484
(2017). https://doi.org/10.3389/fphys.2017.00484

Scanlon, L., O’Shea, E., O’Caoimh, R., Timmons, S.: Technology use, frequency and self-
rated skills: a survey of community dwelling older adults. J. Am. Geriatr. Soc. 63(7), 1483—
1484 (2015)

Gell, N.M., Rosenberg, D.E., Demiris, G., LaCroix, A.Z., Patel, K.V.: Patterns of
technology use among older adults with and without disabilities. Gerontologist 55(3), 412—
421 (2015)

Scanlon, L., O’Shea, E., O’Caoimh, R., Timmons, S.: Assessment of cognition using
cognitive training: comparison of a commercial “brain training” application with the
montreal cognitive assessment. Gerontology 62(2), 247-252 (2016)

Franchini, M., Pieroni, S., Fortunato, L., Knezevic, T., Liebman, M., Molinaro, S.:
Integrated information for integrated care in the general practice setting in Italy: using
social network analysis to go beyond the diagnosis of frailty in the elderly. Clin. Transl.
Med. 5(1), 24 (2016)

Watkins, 1., Xie, B.: eHealth literacy interventions for older adults: a systematic review of
the literature. J. Med. Internet Res. 16(11), €225 (2014)

Cesari, M., Marzetti, E., Thiem, U., Pérez-Zepeda, M.U., Van Kan, G.A., Landi, F.,
Petrovic, M., Cherubini, A., Bernabei, R.: The geriatric management of frailty as paradigm
of “the end of the disease era”. Eur. J. Internal Med. 31, 11-14 (2016)


http://dx.doi.org/10.1177/2333721416630492
http://dx.doi.org/10.1177/2333721416630492
http://dx.doi.org/10.3389/fphys.2017.00484

)

Check for
updates

Pervasive Business Intelligence
in Misericordias — A Portuguese Case Study

Danilo Coelho, Tiago Guimaraes, Filipe Portela™®,

Manuel Filipe Santos, José Machado, and Antoénio Abelha

Algoritmi Research Centre, University of Minho, Guimardes, Braga, Portugal
a6193b@alunos. uminho. pt, b7721@algoritmi. uminho. pt,
{cfp,mfs}@dsi.uminho. pt, {jmac,abelha}@di.uminho.pt

Abstract. The healthcare system is one of the main pillars of any society.
However, it carries with it an enormous economic weight. Portugal, alongside
with many others, is a country in economic and social restructuration and
consequently, the need to increase the efficiency of resource management and
services is imperative. With the proven effectiveness of Business Intelligence
(BI) in many organisations, the urge to implement such tools in Healthcare
arises, specifically in the healthcare of Misericordia. In addition to the results, it
presents a critical analysis of the implementation and the process followed for
the development and usage of KPIs. In this work, some concepts associated with
the use of BI in Misericordias were addressed, and the architecture of the
developed solution was designed. It is also important to emphasise that the
solution presented is pervasive, available anywhere at any time. Through this
work, it was possible to gather all the data into a single structure (Data Mart), to
identify a set of aspects that can be improved and to have a generalised view of
the state of operation of the organisation, as far as health care is concerned. The
developed includes ten KPIs in the area of Surgery Production and Waiting List
Surgery. The dashboards can be analysed in several dimensions: date, special-
ities, physicians, service, diagnosis, location and time.

Keywords: Business intelligence + Misericordia - Data mart
Pervasive HealthCare - Dashboards

1 Introduction

Due to political decisions, the number of Portuguese Misericordias, in the last few
years, have been increasing. These Institutions are a non-profit organisation that can
provide local and specific care to the patients. Non-profits have always been present in
society, playing a critical role in it. Misericordias are responsible of offering services in
a few number of specialties, providing a new type of care outside the main hospitals.
However, existing information systems are not prepared for these type of institutions,
and a solution is needed. After a first overview, the main need is Business Intelligence.

Consequently, a case study was created to develop a pervasive functional prototype
of BI focused in the Misericordia needs. This prototype aims to increase the efficiency
and effectiveness of the care delivery.
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One of the purposes of this paper is to present the results obtained and following
advantages and disadvantages of applying a BI platform in the health area of an
organisation, to understand the extent to which a sustained decision-making process is
important in an organisation. This paper represents an extension of a paper previously
published about the introduction of BI in Portuguese Misericordias [15].

This work is divided into several sections. A brief introduction is initially exposed.
Next, in Sect. 2 a background is presented to introduce the background in which the
article is found. Then in Sect. 3 is stated the methodologies used to develop the
Pervasive BI platform. In Sect. 4 is presented the case study with a particular focus on
the steps and BI architecture. Section 5 presents the main achieved results. Section 6
address a short discussion of the results and final, in Sect. 7 conclusion and future
work.

2 Background

This work aims to contribute in the improvement of the healthcare due to its globality,
i.e., it affects every citizen. The quality of healthcare delivery has a vital role in modern
societies. Thus, the need for a more sustainable decision-making process arises, as well
as the need to identify possible aspects to be improved. An informatization process of
healthcare delivery involves the optimization of clinical procedures, with a changeover
of paper-based records to electronic processes.

A correct clinical diagnosis is based on the analysis and monitoring of the clinical
information of each patient. This data can be converted into knowledge able to improve
the decision-making process. Nowadays, with the technological and economic
advances, all this clinical information is available and distributed by different Infor-
mation Systems (ISs). According to Marins [3], hospital information systems (SIH) are
“systems responsible for acquiring, processing and presenting all information about all
the participants (patients, doctors, nurses, among others) and all services, among
others)”.

This reality brings extra responsibilities to organisations. They need to manage their
workflows better, and their decision process should be sustained by a Business Intel-
ligence (BI) component. Organizations needs to make quick and efficient decisions in
any of the business areas, being them tactical, strategic or operational, and this is one of
the critical success factors. A correct decision-making from the organisational point of
view is based on a large amount of data that allows them to perceive the best option.

As previous stated [15], Misericordias are characterized as non-profit institutions,
whose purpose is to express the moral duty of solidarity and justice [4]. Also, they play
a considerable role in Portuguese society, characterised by the wide range of areas in
which they work, with emphasis on health. During the analysis phase, it was concluded
that the necessity of having a clear basis for decision-making is imperative.

Having in consideration the Misericordias nature, non-profit organisations and the
essential needs of providing better care to the citizens, a research question was for-
mulated “How can the use of Business Intelligence contribute to decision making in a
Misericordia?”. To answering this question, a BI prototype was developed after
exploring open-source tools [13].
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The following subsection presents the main topics addressed in this paper [15].

2.1 Portuguese Misericordias

The Misericordias have always played a significant role in Portuguese society.

According to the Decree-Law 172-A/2014 of 14 November the Ministry of Soli-
darity, Employment and Social Security, Misericordias are “associations recognised in
canon law, to meet social needs and acts of Catholic worship, by its traditional spirit,
informed by the principles of doctrine and Christian morality”. Although they have
performed different roles in society, they have always been associated with the pro-
vision of health care [1]. According to the Decree-Law 172-A/2014, Misericordias may
provide goods and develop social intervention activities, which includes the area of
health. Misericordias can promote health, disease prevention and care in curative
perspective, rehabilitation and reintegration. Also, Penteado [5] defines Misericordias
as associations of believers who, according to the country’s legislation, have the status
of IPSS, which was granted to them in 1979. The same author, Penteado [5], states that
Misericordias are non-profit institutions, whose purpose is to express the moral duty of
solidarity and justice between individuals and the provision of services in the field of
social security.

In Decree-Law no. 138/13 of October 9 of the Ministry of Health, these institutions
play a major role in the health system, is increasingly recognized in Portuguese society.
The same decree (Decree-Law no. 138/13 of October 9 of the Ministry of Health, 2013)
states that the Misericordias have been associated with the provision of health care,
although they have different roles in society [6].

2.2 Pervasive Business Intelligence

In health, the access and presentation of medical information is identified as a major
concern for health professionals. This concern is because caregivers need to make
sustained and swift decisions because the patient’s health is at stake. Currently, one of
the biggest problems in health facilities is that all medical information is dispersed by
several data sources, the result of the use of various tools. In this way, accessing,
crossing and querying the data when necessary becomes a complicated task to perform
promptly, which may lead to incorrect decisions from the professionals. To solve this
problem, the need to use a pervasive system arises.

The main objective of a pervasive system in health is to achieve a quality care
service, to anyone and at any time, regardless of their location or position [7].

A pervasive health system is characterised by a set of unrelated information, a set of
stakeholders, and ubiquitous computing that connects digital infrastructures to our daily
lives. It gathers, processes and distributes “any kind” of personal information and
contextual data anywhere [7].

Pervasive Healthcare is considered a key factor in the reduction of expenses and is
known for allowing improvements in disease management and advances in commu-
nication technologies and wireless networks providing the acquisition, transmission
and treatment of critical medical information in real time [7, 17].
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For Larburu et al. [8], the Pervasive Healthcare systems apply information and
communication technologies to allow the use of omnipresent clinical data by authorised
medical personnel.

Pervasive Business Intelligence (BI) systems in an area whose goal is to support
decision-making by professionals.

2.3 Key Performance Indicators

Key Performance Indicators (KPI) are measures that allow monitoring the performance
in the main areas of the organisational/business activities that are critical to success.
The development of KPIs should form the basis of the analysis of the current per-
formance of the organisation, its future requirements and the improvement strategies
necessary for its success. Some principles should be considered for KPIs:

e KPIs should not be regarded as an end in themselves, but rather as a means of
assisting management activities. They should foster informed debate leading to the
definition of a continuous improvement plan;

e Their semantics are more related to the context of the organisation where they are
inserted and should be used to make temporal comparative analyses (evolution over
the time coordinate) rather than between organisations;

e The set of KPIs must be balanced. For example, efficiency measures should be
counterbalanced by measures of effectiveness and measures of quality and user
perception;

e Following their definition and approval, KPIs should be reviewed and updated. The
review determines the usefulness for the management associated with each indicator
and the reliability of the data source to ensure continuity in its use;

e The description of intended performance, which is measurable through KPIs,
should be implemented at the organisational level that has sufficient authority and
knowledge to ensure that the most appropriate actions are taken.

Initial proposals for KPIs will, of course, be imperfect. However, it is important that
the organisation understands and applies the most appropriate KPIs to accumulate
experience and knowhow.

2.4 Related Work

This article is an extension of a paper earlier presented [14, 15] and the previous work
developed in two Master dissertations [9, 12]. The former work explored the viability
of establishing a BI work in this area. For this aspect, the process-oriented potential-
ities, such as Business Process Management (BPM), Mlearn, and Balanced Scorecard,
was used to precisely and objectively identify the information necessary to support
decision making.

So, in the past work, some concepts associated with the use of BI in Misericordias
were addressed, and the Pervasive BI architecture of the developed solution was
designed. The surgery area was the main focus, and the data stored in the various
sources was extracted, processed and stored in one place. The data can be easily
manipulated according to the needs of Misericordia. A previous paper [14] also
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addressed the Strengths, Weaknesses, Opportunities, Threats (SWOT) of the solution
proposed and presented the fundamental concepts, tools used by Misericérdias and
process architecture. This paper adds new value to the work done. The current work
elucidates the modelling process, the definition of KPIs and the presentation of some
new achieved results. The new findings are focused in a new area of analysis: waiting
time in surgery lists.

3 Methodologies

For the protyle development, two methodologies were followed. The research
methodology used was the Design Science Research (DSR). Kimball methodology was
used as the practical component. This chapter describes methodologies features, their
phases and their relationship. The DSR methodology is based on a set of principles,
practices and procedures for conducting research, through the design and assessment of
artefacts able to solve problems [10]. The main tasks of DSR are the identification of
the problem and motivation; Definition of the objectives of the solution; Design and
development; Demonstration and finally evaluation and communication [10].

Regarding Kimball’s methodology, also known as the business dimensional life
cycle, it was conceived in the mid-1980s by members of the Kimball group. This
method has been used in projects related to Data Warehouse and Business Intelligence
(DW/BI) in the various organisational areas [11].

The main phases of this methodology are project planning; Analysis of business
requirements; Dimensional modelling and design of the technical architecture; Selec-
tion of tools; Design and development of the Staging Area and finally installation and
start-up and maintenance and evolution. It should be noted that throughout the
development of all these phases of the project, a project management is carried out
simultaneously, aiming at monitoring the entire evolution of the solution, deadlines,
duration and so on [11]. These methodologies are useful to develop a solution in a
phased and rigorous way, without forgetting any phase.

In fact, the combination of both methodologies allowed an oriented correctly and
rigorously project development.

In the first DSR phase, the problem was identified and described. This phase was
fundamental to clarify some business issues and making a methodical planning of work
development. Then, some possible solutions were designed and assessed. After ana-
lysing the possible solutions an artefact able of solving the problem was developed and
implemented using Kimball methodology. The stakeholders followed all the phases.

The last phase was achieved through the written of some scientific papers and
solution documentation.

4 Case Study

A set of nine steps was followed for developing and using KPIs, which is divided into
four phases (Fig. 1): Begin, Development, Implementation, and Review.
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Create Project Team
Align KPIs with key areas and improvement strategies
Explain the purpose of using and developing KPIs

Define a protocol for the development and use of KPIs

Identify the Organization's Critical Success Factors

Develop visualization support
IMPLEMENTATION
Facilitate the use of KPIs to promote performance improvement

REVIEW Redefine and refine the KPIs in order to maintain their relevance

Fig. 1. Developing and implementation steps.

Definition of measures and selection of KPIs by teams

4.1 Phase I - Begin

Step 1 - Create the Project Team
It is proposed to create an inter-functional team to implement KPI measurement. This
team should be composed of high-level stakeholders who are aware of the organisa-
tion’s objectives and priorities. The team should also be familiar with the measure of
performance. The number of team members will depend on the size of the organisation
and can range from 4 to 6 elements.

Step 2 - Align KPIs with Key Areas and Improvement Strategies

There should be a strong correspondence between the key areas, the organisation’s
objectives to be achieved and the improvement strategies to be followed, as KPIs
should be developed to support those strategies. The first step corresponds to the
definition of the key areas and the respective objectives of the organisation, which are
considered critical for the organisation and should be aligned with the KPIs that are
intended to be developed. The objectives of the organisation may include:

e Improve user satisfaction;
e Improve resource management;
e Improve learning.

KPIs should be focused on simple ideas that represent key objectives with high rele-
vance to the organisation regarding the project evaluated in order to ensure that the
organisation understands the link between them and the business strategy.

Step 3 - Explain the Purpose of using and Developing KPIs

The purpose of measuring an organisation’s performance is to assess how well the
strategies and action plans are being implemented. You can only improve an organi-
sation’s performance if you can measure it first.
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It is, therefore, necessary to develop KPIs, which will correspond to a set of
indicators that will allow monitoring the performance of the main areas of “business”
activities. KPIs are an important tool to support improvement in order to achieve
organisational goals and prosperity globally. These can also create essential feedback
and a learning mechanism to support management decisions.

The goal of using and developing KPIs should be disseminated within the organ-
isation, from the bottom-up to the top, in order to make them aware of their own role in
the perspective of getting involved and helping to achieve the objectives of the
organisation, as well as the measurement of indicators and their improvement.

Step 4 - Define a Protocol for the Development and Use of KPIs
After the creation of the team, that will be responsible for the development of the KPIs,
and defined the key objectives, which should be measured and therefore aligned with
the KPIs, and communicated and disseminated the purposes of implementing the KPIs;
a protocol should be established for their development and use.

This process should include:

e Definition of the duties of team members;

e For each one of the KPIs selected by the project team, a set of Input, Calculation,
Output, and Progress procedures should be reported during the implementation
phase as follows:

— Input - involves all procedures for acquiring data and parameters used to
evaluate KPIs;

— Calculation - involves all the mechanisms and calculations required to determine
the value of each KPI from the input data;

— Output - evolves all processes and presentation of results (e.g., graphs, reports,
gauges);

— Progress - involves all requirements to monitor the evolution of KPI.

4.2 Phase II - Development

Step 5 - Identify the Organisation’s Critical Success Factors

Critical Success Factors (CSF) are the core competencies or capabilities that must be
fulfilled for the organisation to achieve its vision. In the current project, a CSF as been
identified as:

Business goal CSF

Improve patient satisfaction Decrease waiting times for surgery

Step 6 - Definition of Measures and Selection of KPIs by Teams

Following the definition of the objectives of “Business” and CSF, a set of measures
should be defined. These measures should specify the practical outcome that each
organisation and project should achieve in accordance with the defined “Business
Goals”. They will also be useful in monitoring and evaluating the process leading to the
achievement of these objectives. A possible set of measures may include:
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CSF Measures
Decrease waiting times for surgery Decreasing waiting time for surgery

KPIs must have a set of characteristics that make them effective, such as:

Restricted to a small number of strategically important objectives;
Based on strategic objectives, making the more general in more specific;

¢ Consistent, in a balanced perspective, related to financial performance, satisfaction,
efficiency and improvement;

e Straightforward and easy to understand by all those who will be evaluated;
Associated with easy to acquire and calculate data;
Dynamic (reviewed at least on an annual basis as part of the business plan as a way
to ensure they reflect the priorities of the “business”);

e Agreed, not imposed by management;

e Reported.

KPIs should not:

e Conflict with other measures without prioritising;
e Produce misleading information;
e Being or being seen as trivial;

All these characteristics must be considered in the development process of KPIs.
The suggested KPIs, related to the respective measures, CSF and “business goals” are:

Measure KPI
Decreasing waiting time | % surgeries performed within the maximum guaranteed response
for surgery time defined by the Ministry of Health

4.3 Phase III - Implementation

Step 7 - Develop Visualization Support

In this phase, an architecture must be developed. In this case, the development of the
Pervasive Business Intelligence (BI) prototyping component was based on an archi-
tecture composed of 3 levels, data sources, Data Mart and finally Dashboards and
Reports. As can be seen in Fig. 2, two operational data sources and a set of tools were
used to support the development of the whole process. The Misericordia defined this
architecture and all the features associated with it.

In an initial phase data were extracted, transformed, loaded, and updated to Data
Mart. Next, OLAP cubes were developed through access and manipulation of data and
metrics created to meet the needs of users. Finally, panels with dashboards and reports
were developed to present the data to the final user(s).

The entire process was developed using the tools shown in the architecture (Fig. 2):
MySQL Workbench where Data Mart, Microsoft Visual Studio and Microsoft SQL
Server Analysis Services are located where the metrics and OLAP cubes were
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Fig. 2. Pervasive BI architecture [15].

developed and finally the Microsoft Power BI Desktop where the panels were devel-
oped and therefore presented the data. The fact that the data can be accessed in both the
desktop and cloud tools indicates that it is a pervasive platform because the data can be
queried and the panels changed if necessary anytime, anywhere.

The development of Data Mart was based on a constellation scheme designed per
data type of the operational sources. This consists of two tables of facts, waiting days
for surgery and surgeries production and eight dimensions in common (date, speciality,
doctor, intervention, diagnosis, intervention type, users and responsible financial
entities). Given the complexity of the scheme and to a better perception in the article,
the scheme was divided into two diagrams: Waiting days till surgery (Fig. 3) and
Production of surgeries (Fig. 4).

Dimension Specialty Dimension Month
Surgeries Production |
Dimension Diagnosis |Dbnenslonl)ochor
— ]
Dimension Responsible Entity Dimension Procedure |
Dimension Patient S Dimension Intervention Type

Fig. 3. Star schema for waiting days [15].
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Dimension Specialty Dimension Month
Waiting Days for Surgery | __—
Dimension Diagnosis Dimension Doctor |
Dimension Responsible Entity Dimension Procedure
Dimension Patient R W NS B Sy Dimension Intervention Type

Fig. 4. Star schema for surgeries production [15].

The Data Mart is already deployed, and it is prepared to be used.

Now, it is the time to develop the KPIs. KPIs should be viewed and reported
frequently. The trend of their values should be highlighted. Graphs with historical
(previous) records are considered good practice.

The measurements obtained should be analysed and form the basis for the final
report.

The multidimensional analysis using facts and dimensions of Data Mart allows a set
of functionalities available to the user, among which:

e Ad-hoc creation and access to queries;
Registration of queries for future use, which may be provided to one or more users;
Performing Roll-up actions to aggregate the data from a more detailed perspective
on a more generalised one;

e Selection detail level in the query, that is, allow the data to be explored for a more
detailed perspective, performing drill-down;
Definition the criteria of the data query;
Show results of data analysis through graphs, tables and maps.

Over OLAP cube development were defined a set of metrics to allow greater
analysis capacity in data presentation. Table 1 presents the developed metrics, where it
is possible to verify which type of metric and what dimension or table of facts each
metric is based on it.

Table 1. Metrics, types in each table [15].

Metrics Type Used table

Total surgeries Record count | Fact table: waiting days for surgery
Maximum number of waiting days for surgery | Maximum
Minimum number of waiting days for surgeries | Minimum

Total surgeries production Record count | Fact table: surgeries production
Quantity of patients Record count | Dimension: Patients
Quantity of interventions Record count | Dimension: Interventions

Quantity of doctors Record count | Dimension: Doctors
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Step 8 - Facilitate the Use of KPIs to Promote Performance Improvement
Coaching makes it easier to use KPIs within the organisation. Employees must be
motivated and committed to giving them a controlled authority and responsibility for
improvement over the processes for which they are responsible. Managers should be
encouraged to delegate responsibilities and employees to identify their own measures
and seek solutions.

4.4 Phase IV - Review

Step 9 - Redefine and Refine the Kpis in Order to Maintain Their Relevance KPIs
should be reviewed whenever the FSCs are examined. They should also be tested in
terms of their relevance and adapted to any changes in the environment, processes and
conditions.

Executives should be actively involved in reviewing measures and leading
implementation efforts. Continuous communication, given the status and results of the
evaluation system, is essential for the ongoing improvement of the system.

5 Results

The presentation of the data was done using panels in the PowerBI Desktop tool. Each
group consists of a set of dashboards.
Figure 5 shows one of the presentations created.

IIII“I“I--
ANO ©2012

Produgdo de cirurgias Producdo de ciriirgias cont Dias de espera ciriirgia Produgio de cirurgias 3 |8

2756 K

Fig. 5. Surgeries production panel example [15].

Figures 3 and 4 are two of the several examples of the use of the cube. As you can
see in Fig. 5, it is possible to analyse the data with different levels of detail. In this case,
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it is feasible to analyse the production of surgeries by month (més), a quarter (trime-
ster), semester (semester) and year (ano), which allows obtaining knowledge regarding
which periods of time the production of surgeries is more and less. In addition, it is
possible to select only one or more specialties (especialidades) as well as the type of
surgery (tipo de cirurgias) that is intended, Ambulatory (ambulatorio) and Normal
(normal). This kind of information helps the manager to make decisions regarding, for
example, what times of the year a larger/smaller amount of hospital material and a
larger/smaller amount of health professionals are required. In this way, it is possible to
tailor resources to hospital needs based on sustained decision making.

Figure 6 shows the number of patients waiting (espera). The number is 449. If the
user checks Operado, it is possible to see the number of surgeries made. Both analyses
can be filtered by physician, specialities (especialidade) and date. In this dashboard,
you can see the waiting days (count, average and max) by specialities (Dias de Espera
por especialidade) and the number of waiting patients and specialities (Doentes em
Espera por especialidade (numero)). This last dashboard also offers a visual distri-
bution of waiting for patients by specialities.

| y oo 449
OFTALMOLOGIA

ORTOPEDIA -
CIRURGIA GERAL ‘
4 2870 111.00

Fig. 6. Surgeries waiting list panel example.

6 Discussion

This work showed the importance of Business Intelligence for Misericordias. By using
a BI solution, it is possible to influence the quality of life of each citizen directly. The
decision-making process can be improved by the application of BI solutions. However,
t is essential to design a roadmap for development and to know the business and their
stakeholders to define a set of relevant KPIs.

In an health organisation, the volume of data is high and complex. Most of the time
the information is stored in several sources which make it difficult to analyse it for later
decision-making. This situation makes it an extremely complex process with a high
degree of uncertainty [2]. Consequently, recognising the importance of decision-
making in healthcare and the existence of BI solutions that facilitate the work of health
professionals is an improvement for the organisation.

We addressed two subjects: surgeries and waiting time list. In both cases, the
stakeholders can have visible benefits, being the patient the most benefited with the
development of this prototype.
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This work helps the physicians making better and more informed/data driven
decisions and improves the surgeries waiting time. They can see the specialties that
have the larger waiting time for surgery and which patients are waiting the longest.
This tool is also valuable to assess the surgeries by area, diagnoses, physicians, date,
place and many other possibilities. The work is now ready to meet the Critical Success
Factor and to achieve the main business goal.

7 Conclusions and Future Work

With this work, the data stored in the various sources is extracted, processed and stored
in one place and then easily manipulated according to the needs of Misericordia.

The end user can easily access the dashboard in real time and make sustained
decisions, which until then was a complex process.

The answer to the research question “How can the use of Business Intelligence
contribute to decision-making in a Misericordia?” is: BI can support the management
of small process executed in the Misericordia. BI is an excellent tool to these types of
institutions because it can improve the decision-making process by allowing a better
control of the resources (humans, technical and financial) and surgery. The system can
indicate the number of waiting patients and the patients who are waiting more time. By
contributing to a profound understanding of the waiting times it aids the search for
solutions and consequently its decrease and the increase of the patient satisfaction.

This architecture requires a complete system informatization, an interoperable
system, and a full method of data storing and processing tasks. The transformation
process can then convert the data stored into information/knowledge.

The system developed is ready to answer to user questions. The user can access the
system and make some interactive queries. Then, the human can take a decision-based
in the information received. The system is designed to providing new insights able to
help the decision-maker (physicians or nurses) to make the right choices leading it to a
positive impact on their patients. In brief, this BI solution can provide concrete
information regarding the trends and needs of the Misericérdia.

The main contribution of this work is the full architecture of functional prototype,
the KPIs design process and the solution implemented. This solution is pervasive and
global because it can be optimized and adapted to other health facilities having the goal
of improving the quality of healthcare and patient satisfaction.

This solution addresses a specific and critical field: the surgery. During this phase,
Misericordia participated actively in the process, namely in requirements elicitation.

The project is in the installation phase. New dashboards in other areas will be
developed and implemented after concluding the installation phase. The monitoring
phase also will be implemented to measure the achievement of the business goal.

The assessment phase will follow the methodology already used in the Intensive
Care Unit [16].

Acknowledgements. This work has been supported by COMPETE: POCI-01-0145-FEDER-
007043 and FCT — Fundag@o para a Ciéncia e Tecnologia within the Project Scope: UID/CEC/
00319/2013.
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Abstract. Continuing efforts to increase the relevance and effectiveness of
nutritional recommendations are essential to promote long-term biological
effects. Several studies refer that older adults often struggle with making the
right decisions regarding meal preparation, healthy diets or groceries shopping.
In this work research on user needs are presented, where different stakeholders
were listened concerning their needs and perspectives within the domain of
nutrition in older adults. Moreover, an improved version of SousChef, a meal
recommender system is here presented, where new heuristics were added to the
system and the users can now choose between 4 to 6 meals to be planned per
day. Since another important factor besides nutrition and food preferences
impact food choice concerns with the budget, new heuristics were considered in
order to reduce waste and shortening the shopping list. Also new heuristics were
added to the system to better reflect the Portuguese nutritional guidelines and
information about food prices in order foster reducing waste and shortening
one’s shopping list. The nutritional recommendations and the application was
thought and designed for older adults, presenting friendly user interfaces and
following the guidelines of a nutritionist.

Keywords: Recommender system - Nutrition - Intelligent companions
Mobile health monitoring - Older adults - Personalized interfaces

1 Introduction

Although the exact definition of elderly age group is controversial, for high-resourced
countries the World Health Organization have accepted the chronological age of 65
years as a definition of ‘elderly’ or older person [1]. The European Union population
aged > 65 years is estimated to rise by over 25% by 2035, and to 30% in 2060 [2, 3].
In Portugal, data from the last national statistics showed that population aged 65 years
and older represents approximately 19% [4].
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An ageing population tends to have a higher prevalence of chronic diseases,
physical disabilities, mental illnesses and other co-morbidities [5]. Thus, in order to
promote long-term biological effects, continuing efforts to increase the relevance and
effectiveness of nutritional recommendations are essential [6]. The health in older
people is influenced by important modifiable factors, namely the nutritional status. The
current economic crisis in some European countries, as Portugal, leads us to predict that
the prevalence and consequences of the nutritional disorders will increase in the future
years. Likewise, the Portuguese elderly population seem to have low nutrition
knowledge as well as inadequate food habits, which is a challenge for the improvement
of the nutritional status [3]. In fact, data on the food consumption of the Portuguese
population, obtained through the National Food Survey 2015-2016 (IAN-AF) and the
National Health Survey with Physical Examination (INSEF) showed that overweight is
prevalent in the elderly; 4.8% of the elderly had a risk of malnutrition, 16.3% were
hypo hydrated and 40% had a vitamin D deficit [7].

According to Madeira et al. [8], malnutrition status is influenced by multiple fac-
tors, including physical health problems (cachexia, sarcopenia, malabsorption or hyper
metabolism), cognitive skills, appetite changes, mental health impairment (depression,
alcohol abuse, among other), functional and/or financial autonomy, as well as socio-
environmental context (social isolation, living in the community/residential homes, for
instance). Several studies refer that older adults often struggle with making the right
decisions regarding meal preparation, healthy diets or groceries shopping [9]. Studies
also suggest that many older adults neglect nutrition and are more inclined to do so if
they happen to live alone. Furthermore, under financial restrictions, which older adults
often find themselves in, balancing healthy eating habits with money saving can
become a complicated task [6, 10].

Taking into account the previous facts and acknowledging that nowadays tech-
nologies are always present and may be used to assist people, SousChef, a mobile meal
recommender system to assist older adults by providing a nutrition companion to guide
them into making wise decisions regarding food management and healthy eating habits
has been presented in [11]. In the actual work we present the results of user research in
order to better understand their needs that lead to the development of such a system and
also describe improvements in the meal recommendation system based on the results of
the previous work.

The present paper is organized as follows: Sect. 2 presents the related work
regarding recommender systems and ICT applications related to food and nutrition; in
Sect. 3, research on user needs is presented while in Sects. 4 and 5 the improved
system and mobile application are described; finally, conclusions and future work are
drawn in Sect. 6.

2 Related Work

2.1 Recommender Systems

Regarding mobile technologies related to food and nutrition, several studies may be
found in the literature addressing issues such as: recommender systems [12—16], social
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interaction [17], menu generation [18] or cooking assistance for users with specific
impairments. As this work presents a recommender system, we will briefly detail the
related work in this topic.

In [19], the authors performed a survey of the state of the art on recommender
systems and identified three main types of systems based on the employed method-
ologies: content-based, collaborative and hybrid recommender systems. The challenges
related to the design and implementation of nutritional recommender systems are
discussed in [13]. This author identifies the uncertainty of nutritional information of
recipes or foods, or the missing or incorrect data from food recording measurements as
the main challenges and suggests ways to tackle them. In [14] a literature review on
Health Recommender Systems (HRS) is presented: studies have demonstrated that
HRS have branched out in different fields of health industry and HRS applications have
been increasingly embedded in the health service systems. Challenges and opportu-
nities in HRS are also addressed in this paper.

In [12] the author has focused specifically on older adults and their nutritional
needs, designing a recommender system with user interfaces designed to consider the
specific needs of the user group. The recommendations generated by this system are
based on parameters that go beyond nutritional needs, such as taste or available food
items at the person’s home. However, the description of the system says nothing about
recipes prepared specifically by dieticians, it did not allow multiple users and it was not
designed to accommodate specific medical conditions. Moreover, the user interface,
given the time of that work, does not consider current mobile contexts of use.

In [15], a prototype for a healthy nutrition expert system for children is proposed
that considers all stages of the child, their growth stage, gender and health status.
A case study is presented and a web application was developed however, the validation
of the knowledge for the proposed system is still needed. Recently, [16] presented
NutElcare, a semantic recommender system that provides healthy diet plans for the
older adults. It claims to retrieve reliable and complete information from expert sources
as nutritionists, gerontologists as well as knowledge from information systems and
nutritional databases and with that information aim to assist older people to take
advantage of these tips and make their own diet plans.

2.2 ICT Applications

Regarding commercially available ICT applications designed for non-professionals,
different options are available, such as Mealboard’, Lifesumz, Nutrino® and Shopwell4.

Mealboard is designed to help users plan their meals, generate a grocery list and
keep track of what is left in the pantry. This app allows the user to create a meal by
moving meals from one day to another or adjust the number of servings. Once the meal
plan is ready the app can generate the shopping list for that menu with a single tap from

! http:/mealboard.com/.
2 https://lifesum.com/.

3 https://nutrino.co/.

* www.shopwell.com.
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the user. A third interesting feature allows the user to keep track of what is in their
pantry, once the shopping is done then the person can move and put the ingredients in
the pantry. However, the Mealboard app do not take into account users’ age or dietary
preferences and the recipes used in the plan might not have been created or validated by
nutritionists.

Lifesum guides its users on a journey to improving their wellbeing through diet
strategies, exercise and advice, as well as providing options and tools to help users
maintain a healthy lifestyle and achieve their own personal goals. It is the leading
health and fitness app in Northern Europe, allowing the user to log what they eat every
single day and proposes a breakdown of calories eaten and burned. The app includes a
meal planning feature, which is a paid service.

Nutrino is a platform that provides personal meal planning according to the user
profile, being its application available for both individuals and business. The app
allows users to log data about their levels of exercise, water, food, sleep or stress and
can be connected to activity tracking devices such as Fitbit.

Shopwell is another example of a personalized nutrition app that recommends foods
to people based on their dietary needs and helps them to build healthy grocery lists. The
app can help to match foods to the user’s dietary needs, including avoided ingredients
such as unwanted ingredients, added sugar, trans fat, and allergens like gluten and
lactose. Moreover, it simplifies shopping for groceries by giving a score to the foods
the user loves, based on the user’s unique health needs. Shopwell is a Community
Partner of the USDA and certified by Registered Dietitians and is available for both
i0S and Android.

In general, among other features all of the above listed applications offer the ability
to monitor calorie consumption based on the manual input of food from a database.
Other features can be provided, such as step-by-step guidance to prepare meals, a
shopping list, the use of social interactions through social networks and gamification.
Among these applications, the last three are capable of creating personalized meals
plan, however they are not designed to take into consideration elderly people nutrient
intake recommendations.

3 Research on User Needs

In the initial stages of the project we begun to conduct user research with potential
stakeholders of SousChef system in order to better understand their needs. The research
focused on three main groups: nutritionists, food management providers, and of course,
older adults. These interviews aimed to get different and diverse perspectives within the
domain of nutrition in older adults. Individual semi-structured interviews were con-
ducted with the nutritionists and food management providers and a focus group session
was conducted with the seniors.

The insights accumulated during this stage are described in this section and con-
stituted an important step to inform the design of the overall system, and in the
definition of SousChef main features.
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3.1 Nutritionists

The interviews with nutritionists aimed to explore the needs of nutritionists and their
patients. We have looked into what kind of information nutritionists need to collect
from patients in order to do their work and explored what does into the process of
conceiving a nutritional plan.

Four semi-structured interviews were conducted. At the beginning of the interview,
participants were asked to simulated an appointment and go through the steps and
questions they would normally go through with a patient. Interviews were later tran-
scribed verbatim and analyzed in order to identify the following major themes.

Collecting Eating History Data. Knowing in detail patients’ eating habits is an
important part in the diagnostic of seniors’ nutritional state. Nutritionists want to find
out what and how much the person is eating, in order to identify mistakes in their diets,
and to learn more about the senior’s food preferences. Whereas food tracking appli-
cations look for precise caloric intake, nutritionist use tools such the 24-h recall or a
food diary, which are more tolerant in terms of data input. Besides being a tool to
register ones’ eating habits, food diaries serve to highlight the differences between what
people say they are eating and what they are really eating. Moreover, the process of
writing down everything one eats can help to raise awareness to ones’ eating behaviors.

Changing Eating Habits. Regarding the issue of changing people’s diet, it is
important to stress out that nutritionists do not provide clients with a strict meal plan
that tells them what to eat on each meal of the day. Instead, nutritionists provide their
patients with general recommendations on how to eat healthier based on what they are
already eating. Recommendations are personalized and adapted to each person’s needs
and preferences. All the nutritionists emphasized that it is important to work with the
senior to come up with a plan that satisfies both parties. There is no point in suggesting
seniors to eat something they do not like.

Moreover, the consensus among nutritionists is that dramatic changes should not be
imposed to seniors’ diets. The best strategy is to make small adjustments. We do not
want to make them feel they lived all their lives eating incorrectly, thus the goal should
be to identify the mistakes seniors are making and try to amend those mistakes.

Also, it is worth mentioning that rather than receiving a complete meal plan,
patients receive from nutritionists a list of food suggestions for each meal of the day.
With this approach, nutritionists provided the framework but seniors made their own
decisions with regards to what to eat on each day of the week.

Explore More User-Friendly Portions. One of the hardest parts in the process of
registering what people eat is to quantify how much one is eating. This task requires a
person to look at the food and estimate how much there was in the plate before eating,
and how much there is left. While recommendation systems such Souschef use grams as
the unit of measurement to compute nutritional requirements, humans on the other hand
require more tangible and visual measures. To facilitate the process of registering how
much people eat and making food recommendations more comprehensible, nutritionists
come up with more human-friendly units, such as spoons for liquids or rice, and using
the palm of the hand as reference for 100 g of fish or meat. Therefore, an effective
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logging and recommendation system will also demand the conversion between grams
and more human-friendly units.

Lack of Physical Activity. Nutritionists recognized that the lack of physical activity
and the somehow sedentary lifestyle of seniors is a big barrier to their well-being.
Overall, they all try to raise awareness to the importance of having an active life, and as
part of their work, the interviewed nutritionists provide their patients with general
recommendations regarding the practice of physical exercise. However, there is not
seem to be a cohesive strategy with regards to the relationship between physical
activity and nutrition.

Identify Key Moments to Introduce Water into Seniors’ Diets. Dehydration is a
serious problem among seniors given their decreased sense of thirst. In general seniors
do not drink enough water so it is necessary to enquire about their daily water intake
and to incentivize them to create better drinking habits. Contextual reminders and
recommendation alternative drink are two common strategies to address dehydration
issues. Contextual reminders take advantage of contextual cues in the environment to
help people to drink water, for instance, drink a glass of water in the morning while
taking the medication. Another strategy is to recommend people to replace water with
other products that might be more pleasurable, e.g. tea.

Identity Interaction Between Drugs and Food. Identifying the potential problem
that arises from the interaction of drugs with food will be crucial to any system that
aims to handle people’s diets. This topic is particularly important when addressing
nutrition in older adults because seniors are usually poly-medicated and even nutri-
tionists are not always aware of the contraindications of the active ingredient of a drug
with food.

Food Recommendation Based on the Glycemic Index. Diabetic is quite common
among older people, and it is a medical condition that imposes hard restrictions on a
nutritional level. People with diabetes are required to control their sugar levels with the
help of a glucose meter and adapt their eating according to their glycemic index.
Controlling what, how much, and when to eat, is vital. People with diabetes are most
likely already aware of the effects of food in their body, nevertheless, a reliable system
must be responsive and adapt to the physiological state of each person. Consequently,
any full-fledged food recommendation system needs to consider how to cater to people
with such condition.

3.2 Food Service Management

The purpose of the interviews with workers from food providers was to better
understand the decision-making process involved in the planning and managing of
meals in elder care institutions. We aimed to identify problems and potentials areas for
intervention in their current working process.

Five semi-structured in-context interviews with food service-related personnel were
conducted. In these interviews, we talked with nine persons, where four were cooks and
others were some type of manager or assistant. Hereby the main designs insights and
opportunities are identified.
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Weekly Basis Planning. Overall food stocks management works on a weekly basis,
and until the end of each week orders are place with food suppliers to be delivered in
the following week. With the exception of fresh products, staple ingredients, those use
on a weekly basis, are bought in advance and in bulk. While menus are planned in
advance, they need to be flexible enough to account for unforeseen situations, such as
problems with food suppliers or donations.

Information Heuristics. The process of creating menus in the places that we visited is
based on informal heuristics and the tacit experience of the people who work at the
kitchen. The process is rather informal and derives a lot from the knowledge passed
down between cooks. In most places menus weekly created weekly by the cooks, or by
other personnel at the institution.

While the process of planning meals was quite informal, several heuristics, rules, or
available resources constrain what goes into the decision-making process of creating a
meal plan:

Alternate between meat and fish on a daily basis.

Do not repeat fish or meat on the same day.

Alternate the garnish, e.g., do not serve rice two times in a row.

Avoid repeating dishes from the last two weeks.

Preparing food in advance.

Special meals for holiday and special events, such as national and local holidays,

religious festivities. Some religious customs compel people to follow a particular

time of diet, e.g.

e Use dishes appropriated to each season. For instance, warmer meals are more
comfortable in cold weather.

e Avoid fresh products on Monday, since it might be more difficult to get fresh
products on Mondays.

e The diet dish should be similar to the normal dish, e.g. same ingredients but
different cooking process. Such arrangement makes the logistic simple. The need
for human resources and equipment is reduced since some steps are shared between
dishes. Also, all seniors will be eating the same type of food, avoiding to draw
attention to the fact they are eating diet food.

e Adapt dishes according to the human recourses available, e.g. a more labor inten-
sive dish cannot be picked if there are workers on holiday.

e Health and safety guidelines must be followed when creating the meal plans. For

instance, some foods cannot be served at some times of the year.

Menu Composition. Lunch and dinner followed same basic structure in the visited
cafeterias, and overall consisted of a main dish, soup and dessert. Regarding the main
dish, with a single exception, institutions offered a diet dish in alternative to the main
dish. Diet dishes would have to be required by seniors, and often a medical prescription
was required. Overall, the diet dish is very similar to the normal dish, but with a different
cooking process or type of garnish. The advantage of such arrangement it is in the
simpler logistics. The need for human resources and equipment is reduced since some
steps are shared between dishes. Moreover, all seniors will be eating the same type of
food, thus not picking out anyone because of their diet and avoiding the natural longings
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from seniors who cannot eat the normal dish. In addition to the main meals, institutions
often offered morning and afternoon snack. These meals followed a more relaxed
planning. That is, more or less the same products were served in all of these meals.

Dietary Restrictions. At their age, dietary restrictions are common, so cooks need to
consider the individual needs of seniors in the planning of meals. While a different
meal for each senior is impractical, variations of the same dish (e.g. fewer carbohy-
drates and more vegetables for diabetics) can be prepared. The documentation of
dietary restrictions of seniors seems to be rather informal, and in some cases, it was
only kept in the memory of the people at the institution.

Since dental problems are more common in older people, cafeterias had to consider
special meals for these seniors. One common option is to offer a blend of the normal
dish. With such strategy there is no need to cook different dishes, and only an addi-
tional step is required at the end of the cooking process. Another alternative mentioned
is to serve baby food or porridges.

Cooking What Seniors Like. Cooking food that seniors are used to and like to eat was
agreed to be essential for a good acceptance of food, and for a peaceful meal time.
Tradition is an important part of the process of deciding what to cook. Seniors are used to
eat traditional food, and those are the dishes they yearn the most. Likewise, they are
usually not very keen on trying different ingredients and flavors. While institutions do not
have formal procedures to collect feedback from seniors, they are typically quite vocal
regarding what they like or do not like to eat. A significant part of planning meals comes
from knowing the seniors and what they like to eat. Some of the cooks and technician have
been with the same seniors for years, so already know what they like to eat.

3.3 Older Adults

In order to look into seniors’ perspective with regards to healthy eating with conducted
a group session with seniors, to understand the needs and issues they face when trying
to have healthy eating habits, and how they deal with those same issues. We have
approached this study with two main objectives in mind: (1) to identify barriers
inhibiting seniors from developing healthier eating habits; (2) explore new ideas to
promote healthier eating habits.

Two group sessions were conducted. In the first session about nine seniors par-
ticipated in the conversation, although there were other seniors present in the room.
Seven seniors participated in the second session. The results gathered in these sessions
are described next.

Resisting to Temptations and Desires. The most predominant issue that seniors faced
is what they describe as temptations or desires. Here we are not talking about urges to
eat substantial meals, but rather desires to indulge in sweet treats or other kind of
snacks. The lack of control is a main problem, since it takes a real effort to resist to the
temptations that one goes through during a normal day. Seniors are well aware of their
bad eating habits but eating is one of the few activities where they still have pleasure.
At that point in life they want to indulge in something that gives them pleasure, even if
is not the most sensible choice.
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Out of Sight, Out of Mind. To deal with temptations and desires, the most common
strategy used by seniors is what we can define as out of sight, out of mind. In order not
to fall into temptation, they would simply refrain from buying tempting food. To put it
simply, the approach used by seniors is to hide temptations from sights, and to limit in
advance one’s means to acquire those enticing products in the first place.

Aversion to Change. Seniors’ aversion to change might be a potential problem to
account for when trying to conceive diverse meal plans. Some seniors have quite rigid
eating habits, and did not seem very keen to try new things.

Not Drinking Enough Water. While seniors seem to be well aware of the importance
of drinking enough water, this is not something they do naturally. They are more than
warned by their doctors to drink more often, drinking water requires a serious effort on
their part. There is even some resistance to drinking water, and the winter seems to
exacerbate the problem since they are less thirsty, and cold drinks are less enjoyable.
To address the need of ingesting more fluids, one strategy is to drink warmer beverages
such as tea and even coffee. Foods that have a large water content, such a soup, can also
be used as an alternative to drinking plain water.

4 System Overview

In [11] the first prototype of SousChef, a meal recommender system for older adults
was presented. In the referred work tests to the recommender system and mobile
application were made with older adults, to infer, on the one hand, the adequacy and
quality of the meal plans suggested and, on the other hand, to test the usability of the
mobile application itself for this specific audience. In the next two sections we present
an improved version of the system taking into account these results.

The SousChef system is composed of a central cloud server and a mobile appli-
cation, the user interface for the system. The cloud server is responsible for centrally
storing the information of the system and making it accessible through web service
application programming interfaces (APIs). Its easy accessibility also facilitates the
integration of information from other sources, which is demonstrated through the
integration with Fitbit cloud services to retrieve users’ activity measurements measured
by Fitbit® devices.

The generation of recommendations can be triggered by the mobile devices through
web service APIs and consider information from different sources: personal informa-
tion provided using the user interface, activity data through Fitbit devices and nutri-
tional information from the food composition database. Work performed on top this
database will be described in the following subsection, followed by a detailed
description of the recommender system.

5 http://www.fitbit.com/eu/home.
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4.1 Food and Recipe Database

The development of the SousChef system was based on the Portuguese Food Com-
position database elaborated by INSA [20]. This database contains the nutritional
composition of over a thousand products (1094), including raw, cooked and processed
ingredients and information about 42 nutrients. For calculation of nutrients in recipes,
Euro Fir method was used [21]. The energy and salt values were calculated according
Regulation (EU) N.° 1169/2011 of the European Parliament and of the Council of 25
October 2011. In this system context, a recipe does not refer to the instructions to
prepare the meal, but rather to a combination of ingredients and respective quantities.
Besides including food nutritional information, the Langual. framework has been used
to categorize food according to different criteria including its source, physical state,
processing method.

The first task to prepare the database for the purpose of meal recommendations
consisted in selecting the ingredients that were suited for the system, namely removing
ingredients that are not suitable for direct consumption (e.g. raw chicken) and specific
ingredients (e.g. salty chips) which are not considered healthy for the target
group. Afterwards, and in order to ensure that SousChef’s recommendations are not
only suitable for every meal of the day and for the target population, but also culturally
acceptable, combinations of recipes and ingredients were created. In the context of this
system, a recipe does not refer to the instructions to prepare the meal, but rather to a
combination of ingredients and respective quantities. It is worth noticing that the
selection of ingredients and recipe creation were performed by a nutritionist.

Each meal of the day has been subdivided in meal divisions and combinations of
ingredients have been created for each of those divisions. The recommendation for a
meal will comprise a combination for each division. Table 1 shows how meals have
been subdivided and how many recipes were created for each division. Each combi-
nation comprises the list of ingredients and respective quantities based on a daily intake
of 2000 kcal.

The Langual. descriptors have also been used to group food into product cate-
gories. Each product category represents products that need to be bought for different
food. An example of a product category is pork spare ribs, which is what one needs to
buy to cook grilled, stewed or boiled spare ribs. The price for each product category has
been estimated so it can be considered in the recommendations.

4.2 Recommender System

The implemented recommender system follows a content-based approach and mainly
employs information retrieval techniques [19]. The algorithm to create a personalized
weekly meal plan has three main steps: calculation of nutritional requirements, selec-
tion of food items for each meal and scaling the meals to match the user’s caloric needs
(Fig. 1).

The Estimated Energy Requirement (EER) is calculated from the Institute of
Medicine Equation [22] which considers person’s characteristics (age, sex, weight,
height) and a Physical Activity coefficient. The latest is calculated based on the Total
Energy Expenditure measured using Fitbit devices.
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Table 1. Meal of day divisions and respective number of created recipes.

Meal of day Meal division Number of recipes
Breakfast Cereal 145
Fruit 31
Milk or milk derivate | 10
Middle morning | Main dish 149
Fruit 31
Lunch Main dish 194
Soup 18
Dessert 38
Middle afternoon | Main dish 149
Fruit 31
Dinner Main dish 190
Soup 18
Dessert 38
After dinner Main dish 149
Fruit 31

Estimate Meal Scale
Nutritional Candidate } Food
Requirements Selection Quantity

Restrictions Heuristics
® Limit food repetition B Litre of soup in a row
® No Comfort food B Meat and Fish
m Allergies Separation
® Suitable Cereals B Food Preferences
Accompaniment B Energy Suitability
B White Meat
®m Cheaper food
B Minimize Product
Categories
B Ingredient Variety

Fig. 1. Overview of SousChef meal recommendation algorithm.

The algorithm was designed in collaboration with a nutritionist and the applied
heuristics followed the general WHO guidelines [6]. A summary of nutrient intake
recommendations for older persons (age > 65) included in SousChef system are
summarized in Table 2. Moreover, dietary recommendations using the “food-based
dietary guideline approach” [23] were also taken into account.

According to the Portuguese Nutritionists Association, a person should eat five to
six meals per day [24]. However, to allow a smoother transition of eating habits,
SousChef is able to recommend between 4 and 6 daily meals. To do so, the system
needs to be configured by a nutritionist, defining how the daily energy should be
distributed across meals for each number of daily meals option.
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Table 2. Summary of nutritional guidelines for healthy ageing [6].

Nutrient Recommendation

Energy 1.4-1.8 multiples of the BMR to maintain body weight at different levels of
physical activity

Protein 0.9-1.1 g/kg per day are beneficial for healthy older persons

Lipids 30% of the daily energy in sedentary older persons and 35% for active older

persons; consumption of saturated fats should be minimized and not exceed
8% of energy
Carbohydrates | 55 to 60% of the daily energy

After estimating the user’s caloric needs, the next step consists in selecting the most
appropriate ingredient combinations for each meal division considering the user per-
sonal context. The meal planning context consists of the user’s personal information,
including nutritional needs and food preferences, as well as meal planning history (in
order to enable dietary diversity in the resulting plan). Considering the previously
created combinations as candidates, for each meal of the week being planned, a two
phase selection process will determine the most suitable candidate for that meal divi-
sion. The first phase consists of applying restriction rules, which filters candidates that
are not suitable for a given meal and context. Multiple rules have been implemented for
removing candidates: limiting repeated recipes in the same week by removing candi-
dates which have been used in planning more than twice; removing any candidates that
include comfort food; filtering candidates that include ingredients users are allergic to;
and excluding not suitable cereal accompaniments (cereals should be combined with
milk or yoghurt, it should not be combined with e.g. coffee or sugar added milk).

The next phase consists in selecting the most suitable candidate from the ones that
were not filtered. This is performed by calculating a score S for each candidate c
according to different criteria reflected by heuristic functions Hn. Each heuristic
function evaluates the meal planning context, which meal is being planned and each
candidate to assign a suitability score between 0.0 and 1.0. Higher scores will be
attributed to more suitable candidates according to the criteria reflected by the heuristic.
Different heuristic functions have been implemented to reflect the criteria identified by
the nutritionist. One of them consists in favouring main dish combinations with the
same soup in four consecutive meals (about one litre). The idea behind this criterion is
allowing users to cook soup once for several days. The heuristic function checks if the
series of one litre was met. If so, the same value (0.5) is assigned to every candidate.
Otherwise, 0 is assigned to candidates with a different soup and 1 to the others. Another
criterion is to favour meat dishes for lunch and fish for dinner in order to have lighter
dinners. For main dishes, the candidates meeting the criteria are assigned the score 1
and O to the others. All candidates for other meals are assigned 0.5. Users’ food
preferences are also considered. Using the application, users are able to provide ratings
to ingredients from 1 to 3, which are normalized into a value between O and 1. The
preference for a candidate is calculated by combining the preference for each of its
composing ingredients whenever available or the value 0.5 instead. The energy suit-
ability heuristic attributes higher preference to recipes whose energy value is closer to
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user energy requirements for a given meal. Another heuristic reflects a Portuguese
nutritional guideline to include white meat in the diet, which tries to include recipes
with white meat ingredients at least three times per week.

Other important factors besides nutrition and food preferences impact food choice,
price is one of them [25]. Therefore it should also be considered by the recommen-
dation engine, two heuristics have been implemented for this. The first gives preference
to recipes with lower cost when compared to alternatives for the same meal division.
The second tries to reduce the number of different product categories in the plan in
order to foster reducing waste and shortening one’s shopping list. For the same person,
according to all previous heuristics, the same recipes would always be the optimal for
each meal and the resulting plan would always be the same. To prevent this, an
ingredient variety was implemented that attributes lower scores to recipes whose
ingredients have already been planned. The score that is attributed is affected by
temporal proximity, i.e. lower scores are attributed to food that have been used more
recently than before.

The final score, S, for a candidate is calculated as the weighted average of the
values calculated by each heuristic function and a respective weight representing its
importance. The chosen candidate for each meal being planned is the one with the
highest suitability score S. The approach followed by this algorithm benefits the
scalability of the system, since it facilitates the inclusion of new restrictions and
heuristics to consider new criteria and data to provide users with better recommen-
dations. It also enables in the future to use different weights to each heuristic function
for each user, personalizing the recommendations even further.

Once the ingredient combination has been chosen for each meal, the final step of
the planning process consists in scaling the ingredient quantities in order to match the
energy requirements of that particular individual. The previously calculated caloric
requirements for a given meal are compared with the total energy of the ingredients in
the chosen candidate’s plan. If the difference is higher than an acceptable deviation, the
quantity of the ingredients will be scaled to suit the requirements. To ensure that daily
nutrient requirements are maintained, only ingredients from specific categories will be
scaled: cereals, fruit and vegetables, dairy products, meat, fish, eggs and oil. The new
quantity for each scalable ingredient is then calculated using a weighted average so the
quantity of more caloric ingredients changes more than others, therefore reducing the
changed amount in grams of the overall combination.

5 Mobile Application

The first prototype on nutrition, SousChef, is organized in three different components:
the meal plan, the grocery list, and the activity monitoring.

To support these different components, there is a profile that aggregates the dif-
ferent settings and preferences which are used to refine the system. The profile contains
anthropometric data, food-related preferences and activity profile. Regarding the food-
related preferences, two levels of control are provided: food restrictions, and dietary
considerations. While food restrictions are hard constraints, meaning that food added to
the food restrictions list will not be returned in the meal recommendation, dietary



120 D. Ribeiro et al.

considerations work with a similar principle, but only in a group level, restricting an
entire set of products, and consist of a predefined list of diets that can be followed by
the user.

In Fig. 2, the main dashboard of the application is shown and also some details
about the profile area. In the top of the screen, the user can see different nutritional
contextual tips, for information purposes. Also it should be noticed that the user can
always change information regarding their weight or personal preferences in order to
obtain meal recommendations more suited to his profile.

5.1 Meal Plan

The Meal Plan section is not only the central component of the entire system from a
technical perspective but also from the point of view of the user. The Meal Plan fulfils
two main goals: to generate new meal plans, and to track the user’s food intake. In the
application, the Meal Plan section is responsible for presenting all the information
related to nutrition.

The Meal Plan (Fig. 3) is the place to record everything that the user eats
throughout the day. There are two different ways to log information into the food diary:
(1) Automatic food recommendations; (2) Manual input.

Automatic Food Recommendation. The fundamental feature of this system is the
ability to generate personalized meals plan according to the needs of the user.

Manual Input. Considering that the recommendations generated by the system might
not be enough to cover all the different scenarios involved in a typical diet, it is also
possible to manually record additional information in the diary.

In addition to the food diary, which provides a quick overview of the user’s diet,
each recipe or ingredient has a dedicated view to display additional information and
actions (Fig. 4). The nutritional information of a product is one of the aspects that are
provided in this user interface. Besides the energy value in calories, there is also the
macro and micro nutrients information.

Basic mechanisms for editing the product and the diary (for example, removing
products from the diary) are also provided. The user is able to control the recommender
engine by removing ingredients from the list of approved products and also to replace
the meal that was initially suggested. However, the control level is rather limited since
users are only able to make binary decisions.

In order to empower the user with additional control of the system, another feature
particularly important in terms of personalization is the ability to personally rate the
products both recipes and ingredients. Whereas in the former case the system works
with hard constraints that remove products from the recommender engine entirely, in
the latter case the user input is used to influence the weight of a product in the engine.
The rating system used in this evaluation contains three different values, which are used
to adjust the weight of the product when a new plan is generated. From the perspective
of the user, this translates to (Fig. 4) - “I don’t like it that much”, “I like it”, and “I love
it”. For instance, a product rated with the first score will not stop being recommended
to the user, but since it has a lower weight, it will be recommended less often.
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NF Ll sox i 18:02 T Ll 5o+ 18:02
Personal info Food restrictions
Feeling that cold
outside? Your meal Food you don't like or cannot eat
plan will start showing
‘ Search food Q
more fresh orange
juice now -
Add photo Food | would not like considered
Morango X REMOVE
First name
Il Mealplan
Healthy
W Grocery list
Last name
Seni
o Activity enior
Date of birth
B Profile
July 1,1965

Fig. 2. SousChef main screen (left), personal information (center) and food restrictions (right)
detail screens.

T Ll 5 1801 ST Ll 5ol 17:58 T Ll s+ 1801
Meal planner Meal planner Meal
< (2 20 Aug > < [3) vesterday >
DINNER
No plan yet "
plany Péssego Rate
Creme de cenoura
30 calories
Cherne grelhado, Arroz cozido sim... 6 >
Ananas ) REPLACE MEAL
/' EDIT PREFERENCES
SUPPER + ADD TO GROCERIES
Pao de mistura de trigo e centeio _
W DELETE MEAL

Fig. 3. Meal plan creation screens, when no plan was created and afterwards (left and center),
and particular ingredient view (right).
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' Rate how much you liked 6 301
Cherne grelhado, Arroz Rate the Cherne grelhado, Arroz calories
cozido simples, Feijdo... cozido simples, Feijdo
verde fresco cozido e Molho 17% of your daily goal
verde
Cherne grelhado We use this rate to improve our
recommendations 54% Carbohydrates
Feijdo verde fresco cozido ® 16.5% Lipids
Arroz cozido simples ' ' ' ‘ @ 25.5% Proteins
Molho verde Nutrients
3 stars Water 209.1g
0 301 calories : freclly love t Proteins 209¢g
Lipids 6.79
CJ REPLACE MEAL Carbohydrates 38.3g
Fiber 35¢g

Fig. 4. Recipe ingredient view (left), rating screen (center) and nutrient information (right)
details.

5.2  Grocery List

The goal of the Grocery List component is to help the user with shopping related
activities. This component takes on a physical grocery list, but augments it with new
capabilities (Fig. 5). Even though not being the central piece of SousChef, this com-
ponent can be a valuable tool in the above mentioned goal to assist food management.

The main features of the Grocery List are the integration with the Meal Plan
component and the ability to automatically add products to the list based on the
ingredients of a recipe. In addition to these features, the user has also the option to
manually add new products to the list based on a database search.

Since the goal of this component is to assist users in their shopping activities, there
was the concern to design a user interface that would be easy to use in the wild, e.g. in
the supermarket. Therefore, one characteristic of the system is the ability to work
offline, so that the user does not need an Internet connection to access his or her grocery
list while in the supermarket. Users are also able to mark products as bought as they go,
and that information will be synchronized the next time there is an Internet connection.
Moreover, products are organized by aisles to make the shopping process in the store
more efficient.

5.3 Activity Monitoring

Along with nutrition, an important part of a healthy lifestyle is a person’s activity level.
The Activity Monitoring used in the SousChef presents the users with metrics related to
their activity (Fig. 6).

Given that one of the inputs required by the system in order to generate new meals
is the level of activity of the user, the Activity Monitoring component is responsible for
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Fig. 5. Groceries list screens: search of products (left), product details (center) and groceries list
overview (right).

T Ll sex i 17:57

N T Ll so% @ 18:02

4T Ll so% @ 18:02

Activity monitor Activity Level

Walk 30 minutes a day

Connect your devices with SousChef How active are you?
Fitbit . Sgd entary ‘ o)
w Little or no exercise
Lighty Active
26m Little or some exercise o
Walking duration
Moderately active ®

Somewhat regular exercise

6 Calories burned S Very Active o
Several times a week

0! Steps Extre_mely active 0o

N Exercise almost everyday

ﬂ' Active time :\,

Fig. 6. Activity monitoring example screens: connection to Fitbit devices (left), available details
on activity monitoring (center) and activity level scale (right).

collecting user activity data and feeding those data to the recommender engine. In order
to do that the system can be connected to an activity monitoring device such as a Fitbit
bracelet. Afterwards, the system is able to collect and display calories burned, steps and
active time. For each of these metrics, daily objectives can be set in order to raise
awareness to their healthy physical activity habits.
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The information gathered from such devices is then converted to a scale that
classifies the level of activity as belonging to one of five levels, ranging from
“sedentary” to “extremely active”. The advantage of using a wearable device such as
Fitbit is that the user activity information can be collected seamlessly, without direct
input, with a reasonable level of accuracy, and updated automatically to our system.

Nevertheless, and in order to free the system from dependence on external devices
or systems, it is also possible to manually insert this information in the user profile. In
such scenario, the charts with the user activity information would not be used.

6 Conclusions and Future Work

In this work important insights of potential stakeholders in the domain of nutrition of
older adults are presented. This research focused on nutritionists, food management
providers and older adults and aimed to gather the perspectives within this domain.

The presented results were of outmost importance for the design of SousChef, a
mobile meal recommender system to assist older adults by providing a nutrition
companion to guide them into making wise decisions regarding food management and
healthy eating habits that has been firstly presented in [11].

Moreover, in this work an improved version of the meal recommender system is
described based upon the results presented in [11]. Now the users can choose between
4 to 6 meals to be planned per day, in order to adapt to their preferences. Also new
heuristics were added to the system to better reflect the Portuguese nutritional guide-
lines and information about food prices in order foster reducing waste and shortening
one’s shopping list. Finally, more details on the mobile application were here
presented.

As future work, it is intended to realize an evaluation of the recommender output,
namely to evaluate the adequacy of recommendations when different combinations are
selected, from 4 to 6 meals per day. Another topic to be evaluated in the future is the
adequacy of suggestion of alternative dishes for a meal. The current system allows
users to get an alternative dish if they do not like the initial suggestion. This is a new
feature and it was not tested before.
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Abstract. As the age of the human population increases worldwide,
depression in elderly patients has become a problem in medical care. In
this study, we analyzed voice-emotion component data, attribute data,
and Beck Depression Inventory (BDI) scores by multivariate analysis,
particularly in the elderly, and proposed evaluation indicators for esti-
mating the state of depression of elderly patients. We divided the data
into two groups according to BDI scores: a state of depression and the
absence of this state. The labels distinguishing the two groups were
dependent variables, while the voice-emotion component and attribute
information were set as independent variables, and we performed logistic
regression analysis on the data. We obtained a prediction model with sig-
nificantly sufficient fitness. In the receiver operating characteristic curve
for the proposed depression evaluation indicator, a sorting performance
with an area under the curve of approximately 0.93 was obtained.

Keywords: Voice - Emotion recognition - Depression
Beck depression inventory + Attribute information

1 Introduction

In recent years, society has become more aged worldwide [28]. Elderly people
often develop depression because of physical impairment, anxiety about health,
death of friends, and loneliness because of living alone, among other reasons;
along with dementia, depression is common among elderly people [6].
Self-descriptive psychological tests such as General Health Questionnaire [11]
and Beck Depression Inventory (BDI) [4] are commonly used as screening meth-
ods for mentally impaired patients. The self-descriptive psychological test is non-
invasive and relatively simple, but it cannot eliminate the influence of reporting
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bias. Reporting bias is the selective underexposure or overestimation of specific
information because of the consciousness/unconsciousness of the respondents [8].

In a previous study, we developed a method for estimating mental health
state, such as depression state and stress state, based on voice information
[14,24,27]. Analysis using voice is advantageous because it is noninvasive and
does not require a special dedicated device, and can be performed easily and
remotely. The authors focused on speech over telephone calls, which uses voice
on a daily basis; using smartphones, which have become increasingly popular
in recent years, we developed a system for monitoring mental health state from
the voice at the time of a call (MIMOSYS: Mind Monitoring System) [20]. We
hope that by using this system to monitor mental health state on a daily basis,
it will become possible to prevent mental problems. MIMOSYS is based on Sen-
sibility Technology (ST) [22], and digitizes and outputs the mental health state
from voice. ST estimates the emotion of the speaker based on changing pat-
terns in the fundamental frequency during a conversation. Five emotions, “calm-
ness”, “anger”, “joy”, “sorrow”, and “excitement”, are analyzed in the voice. In
MIMOSYS, “vitality”, which digitizes the health condition immediately after a
call from the emotion analyzed by ST, and “mental activity”, which quantifies
medium- and long-term health condition, are outputted. By monitoring changes
over time in the mental activity, it is possible to determine the health condition
and may lead to self-medication, self-control, or early visit to a hospital. How-
ever, when trying to use MIMOSYS for screening, previous studies suggested
that the mental activity correlates with the BDI score [12,13], while in our stud-
ies, this correlation was not clearly observed (unpublished). Thus, it is necessary
to improve the accuracy of this technology.

In this study, we propose a voice evaluation indicator that differs from the
mental activity for screening of depression state with better accuracy in the
elderly. Additionally, this research expands upon the paper [14] presented at
the Information and Communication Technologies for Aging Well and e-Health
(ICT4AWE 2017), an international conference held in Porto, Portugal.

2 Method

2.1 Target

Subjects. Of the MIMOSYS users, we targeted those who were aged > 65 years
because the United Nation’s World Health Organization defines elderly people
as those aged > 65 years.

MIMOSYS is open to the public as a smartphone application. In this system,
after the user agrees to participate in research, an individual ID is assigned to the
user and registered in a dedicated server in an anonymized state. Attribute data
by a questionnaire such as age at the time of registration is also saved. Every time
a user makes a phone call using a smartphone, the analysis result is recorded on
the same server. Analysis results include emotional components/mental activ-
ities. Voice at the time of calling is temporarily recorded on the smartphone,
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analyzed on the smartphone when the call ends, recorded as an analysis result
in the server, and immediately deleted.

In this study, we analyzed data collected from July 20, 2015, which is the
first date of MIMOSYS availability, to July 20, 2016. During this time, the total
number of downloads was almost 3000; of these, 1456 users agreed to participate
in the research, responded to the questionnaire at the time of enrollment, and
spoke on the phone. However, after users for whom data could not be properly
collected depending on the situation of the communication were excluded, 1436
subjects remained. Of these, 35 people were > 65 years of age. Table 1 shows the
details for all users who made calls.

Table 1. Details of all users who made calls (from [14]).

Male | Female | Total

Age|16-19| 22 27 49
20-29 | 155 | 147 302
30-39 235 |142 377
40-49 {242 | 141 383
50-59 | 165 74 239
60-64 | 39 12 51
65-69 | 20 8 28
T0-74| 2 2 4
75-79 2 1 3
Total 882 | 554 1436

The mean age across the entire population was 40 years (SD = 12), with
averages of 41 years (SD = 12) for males and 37 years (SD = 12) for females.
The minimum age was 16 years for both males and females, while the maximum
age was 76 years for males and 75 years for females.

BDI Score. In MYMOSYS, a BDI questionnaire is performed on a smartphone
every 3 months from the start of system use, and its score is recorded on the same
server. Of the 35 subjects, we analyzed 33 users aged above 65 years who made
phone calls within 2 weeks of the BDI questionnaire. Data collected within 2
weeks of the BDI questionnaire were judged to be effective because the diagnostic
criteria of DSM-IV [3] for depression suggests that a state should be maintained
for at least 2 weeks. In addition, for users who completed the BDI questionnaire
multiple times, we analyzed data collected within 2 weeks of each questionnaire.
Finally, we obtained efficacy data for 41 BDI scores from 33 subjects.

We also grouped data from analysis targets based on the criteria for evaluat-
ing the BDI score. Although there have been multiple studies of the criteria for
evaluating BDI score [7,17], because highly accurate patient screening results
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have been reported for the criteria used by Beck et al. [5], we used the same
criteria in the present study. This criteria for evaluation are shown in Table 2.

Table 2. Evaluation criteria of BDI score.

BDI score | 0-10 | Ups and downs are considered normal
11-16 | Mild mood disturbance

17-20 | Borderline clinical depression

21-30 | Moderate depression

31-40 | Severe depression

41-63 | Extreme depression

In this study, we conducted verification by dividing the subjects into two
groups, one with BDI scores of > 17 that require a physician’s diagnosis (clin-
ical depression) and those with BDI score < 17 and not requiring a diagnosis
(normal). This threshold value of a BDI score of 17 is a boundary value for the
state of depression. The number of people belonging to the former group and
latter group was 3 and 30, respectively. In addition, for users who conducted
the BDI questionnaire multiple times, those classified to the clinical depression
group based on the first BDI score also had a BDI score of > 17 from the sec-
ond and subsequent times. Users classified into the normal group based on the
first BDI score also had BDI scores of < 17 from second and subsequent times.
Therefore, there were no overlapping users between the two groups.

Voice Data. A total of 672 pieces of effective voice data were collected within 2
weeks of the BDI questionnaire for the 33 subjects. In the clinical depression and
normal groups, the numbers of voice data obtained were 50 and 622, respectively.

2.2 Analysis of Emotion

MIMOSYS estimates mental health based on components of emotions contained
in the voice. There are 5 types of emotions analyzed by MIMOSY'S, calmness,
anger, joy, sorrow, and excitement, calculated with ST, and each component is
calculated with real numbers [0, 1]. A value of 0 indicates that the input voice
contains none of the emotions in question. A value of 1 indicates that the emotion
in question is certainly contained in the input voice.

The minimum unit of voice-emotion analysis by MIMOSYS is “utterance”,
which indicates continuous speech punctuated by respiration. In practice, the
start of speech is detected when the state of silence changes to state of utterance,
and this condition is maintained for a certain period. A state of utterance or
state of silence is identified by thresholding the amplitude value of the temporal
waveform of the voice.
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2.3 Logistic Regression Analysis

For logistic regression analysis [2], the clinical depression group and normal group
were represented by qualitative values of 1 and 0, respectively. These numbers
were used as labels to distinguish the two groups and were assigned to dependent
variables during logistic regression analysis.

In logistic regression analysis, a logistic curve rather than a line was fitted to
the model. Thus, if the dependent variable is Y and the independent variables
are X1, Xa,..., X,, the following predictive formula is obtained from [14]:

1
y —
l1+exp(—apg—an X1 —asXo— - —ayXy)

(1)

In this study, analysis was carried out by making depression state level a
dependent variable and making emotional components and attribute information
independent variables as follows:

Y = (Depression state),
X1 = (Calmness), X5 = (Anger),
X3 = (Joy), X4 = (Sorrow), X5 = (Excitement)
X = (sex), X7 = (Age), Xg = (History of current illness)

(2)

where the depression state is a qualitative value resulting from thresholding the
BDI score, and calmness, anger, joy, sorrow, and excitement are emotional values
analyzed by MIMOSYS (from [14]). Sex is a qualitative variable and is treated
as a dummy variable in analysis. The history of current illness is the number of
diseases affecting a subject when responding to the questionnaire. In the analysis,
the emotional value for each call, BDI score within the immediate last two weeks,
and attribute information at the time of responding to the questionnaire were
set as one data set.

The performance of the prediction formula obtained by analysis was evalu-
ated by the sensitivity, specificity, and area under the curve (AUC) of the receiver
operating characteristic (RUC) curve with a cutoff point of 17 of the BDI score.

For statistical processing, the Free Software R version 3.3.2 was used for
statistical analysis.

3 Results

3.1 BDI Score and Number of Calls

The minimum, maximum, and mean BDI scores were 0, 28, and 8.53 (SD = 6.50),
respectively.

The mean number of calls per person during the 2 weeks after the BDI
questionnaire was 16.78 times (SD = 25.66).

Each histogram is shown in Fig. 1 and Fig. 2. There were 30 people with BDI
scores less than 17, and although each score was distributed uniformly, because
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there were only 3 people with scores of 17 or more, these people were sparsely
distributed (Fig. 1). The number of calls was 0 ~ 20 (Fig. 2).

A scatter plot of the BDI score and number of calls per person during the 2
weeks after the BDI questionnaire is shown in Fig. 3. Spearman’s rank correlation
coefficient [25] was calculated as a correlation coefficient independently of the
BDI score and type of distribution of the number of calls. As a result, the
coefficient was —0.015 (p = 0.92 > 0.01), indicating no significant correlation.
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Fig. 5. Scatter plots of BDI scores and each emotional component (modified from [14]).

3.2 Distribution of Emotional Components

Figure 4 shows a histogram of each emotional component. Calmness and excite-
ment were most commonly present in the voices used in analysis, with low values
for anger, joy, and sorrow.
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A scatter plot of BDI scores and each emotional component is shown in
Fig.5. Spearman’s rank correlation coeflicients between the BDI score and each
emotional component (calmness, anger, joy, sorrow, excitement) were —0.36 (p <
2.20 x 10716 < 0.01), —0.077 (p = 0.046 < 0.05), 0.19 (p = 4.72 x 1077 < 0.01),
0.30 (p = 2.23 x 107*° < 0.01), 0.39 (p < 2.20 x 1076 < 0.01), respectively.
Despite the significant correlation between all emotional components and BDI
scores, anger and joy showed nearly no correlation with the BDI scores based on
the evaluation criteria of the correlation coefficient.

Figure 6 shows the distribution of each emotional component for the normal
and clinical depression groups in a box-and-whisker plot. A t-test to evaluate
differences in the normal and clinical depression groups with respect to each
emotional component revealed significant differences for all emotional compo-
nents except sorrow. The Mann-Whitney U-test [21], which does not depend on
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Table 3. Contingency table of depression state and sex.

Male Female
Normal 22 (418) |15 (204)
Clinical depression |2 (19) |2 (31)

p="7.79x10"° < 0.01

the type of distribution of the two groups, revealed significant differences in all
emotional components.

3.3 Distribution of Attribute Information

Sex. Table 3 is a contingency table of the depression state and sex. In the table,
the numbers in brackets represent the number of data points. A relationship
between depression state and sex was observed by Fisher’s exact test [9].

Age. A scatter plot of BDI scores and age is shown in Fig. 7. The Spearman’s
rank correlation coefficient between BDI scores and age was 0.18 (p = 0.25 >
0.01), indicating no significant correlation.

When statistically evaluating the differences between the normal and clinical
depression groups, neither the t-test (p = 0.40 > 0.01) nor Mann-Whitney’s
U-test (p = 0.89 > 0.01) revealed significant differences between groups.

History of Current Illness. A scatter plot of BDI scores and number of
current illnesses is shown in Fig.8. The Spearman’s rank correlation coefficient
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Fig. 7. Scatter plot of BDI scores and age.
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Fig. 8. Scatter plot of BDI scores and current illnesses.

between BDI score and the number of current illnesses was 0.45 (p = 0.0032 <
0.01), indicating a significant, moderately positive correlation.

Evaluation of the difference between the normal and clinical depression
groups revealed no significant differences between groups according to the t-test
(p = 0.066 > 0.01) and Mann-Whitney’s U-test (p = 0.13 > 0.01).

3.4 Regression Coefficient

The results of the logistic regression analysis using the variable increase and
decrease method together are shown in Table 4.

The estimates in the table represent the coefficients for the independent
variables in the prediction formula (1). The variables chosen using the variable
increase and decrease method were of 7 types, X5 to Xg, while X; (calmness)

Table 4. Results of logistic regression analysis.

Estimate ~ Std. Error  z value — Pr(> |z|)

Intercept 19.20 5.58 3.44 0.00059 o
X5 (Anger) 19.97 4.00 499  6.01 x 1077
X3 (Joy) 19.10 3.34 572 1.06 x 1078 #x
X4 (Sorrow) 9.61 3.69 2.61 0.0091 Hok
X5 (Excitement) —17.30 2.99 —5.78 7.39 x 1070 #x
X5 (Sex) —3.40 0.58 —5.90 3.75x 1079  #x
X7 (Age) —0.35 0.077 —4.51  6.53x 1076 #x

Xs (Current illness) 1.21 0.25 4.88  1.05 x 1076
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was removed because it did not contribute to Y (depression state). Accordingly,
the coefficient of X; was 0, and the prediction formula was as follows:

1
y = h

1+ exp(—1920 - E — A) "¢
E =19.97X5 + 19.10X5 + 9.61X, — 17.30X5 (3)

A= —3.40Xs — 0.35X7 + 1.21 X5

When the fitness of the predicted model was evaluated using the Phosmer-
Lemeshau test [2], a p-value of 0.76 was obtained. In this test, a greater sig-
nificance probability indicates better fitting of the model. Therefore, sufficient
fitness was demonstrated for the predicted model.

3.5 Distribution of Predicted Values

Using prediction formula (3), it is possible to predict the probability of a subject
being in the clinical depression group based on each emotional component con-
tained in the voice and attribute information. This predicted value is defined as
the “Depression Evaluation Indicator (DEI)” for elderly people. A scatter plot
of BDI score and DEI is shown in Fig. 9. Spearman’s rank correlation coefficient
between BDI score and DEI was 0.26 (p = 1.31 x 107! < 0.01), indicating a
significant and weakly positive correlation.
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Fig. 9. Scatter plot of BDI score and DEI.

Figure 10 shows the distribution of DEI in each group as a box-and-whisker
plot. When the difference in DEI between the two groups was evaluated, both
the t-test and Mann-Whitney’s U-test confirmed a significant difference.

The mean DEI values for males and females were 0.13 and 0.043, respectively.
The distributions of male and female groups were significantly different according
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Fig. 10. Distribution of normal and clinical depression with respect to DEI.

to both the ¢-test and Mann-Whitney’s U-test (p = 8.92 x 10710 and p = 8.38 x
10711, respectively).

Furthermore, for 0, 1, 2, 3, and 4 current illnesses, the mean DEI values were
0.029, 0.049, 0.13, 0.044, and 0.69, respectively. Multivariate analysis with the
Steel-Dwass method [26] revealed significant differences in groups with 0-1, 0-2,
04, 1-4, and 24 current illnesses.

3.6 ROC Curve

The ROC curve (solid line) for DEI is shown in Fig. 11. For comparative evalua-
tion, the ROC curve (dotted line) for the prediction formula (DEI-emotion-Only)
[14] when analyzing only the emotional component as the independent variable
and ROC curve (dashed line) against the vitality of MIMOSYS are also shown.
A higher vitality of MIMOSYS indicates a better mental state. For the data
used in this analysis, the vitality of data belonging to the normal group showed
low values, and the vitality for data belonging to the clinical depression group
was distributed at high values, resulting in an interpretation that contradicts
the original interpretation of vitality. Therefore, the ROC curve of the vitality
was calculated by reversing the interpretation of vitality.

For DEI-emotion-Only, the AUC under the ROC curve was 0.76, whereas the
AUC for DEI was 0.93.

For DEI, the point at which the perpendicular from the ROC curve to AUC =
0.5 was the longest was the point at which sensitivity and specificity were 0.86
and 0.87, respectively, and the threshold of DEI at that time was 0.11. The
confusion matrix for this threshold is shown in Table 5.



140 M. Higuchi et al.

<
- _'_I‘
-
-1
Q (Al
o 1
2o |
S
=
(2]
c
O
o o
N
o
— DEI
"""" DElemotionOnly
o - Vitality
o' T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 11. ROC curve for DEI, DEI-emotion-Only, and Vitality.

Table 5. Confusion matrix for DEI.

BDI
Normal (BDI < 17) | Clinical depression (BDI > 17)
DEI | Low(< 0.11) | 544 7
High(> 0.11) | 78 43

3.7 Classification of Three Groups

To further evaluate the performance of the prediction model, we investigated the
classification ability of three groups. Based on the BDI score evaluation criteria
(Table 2), the normal group was further divided into two groups: healthy and
borderline. The borderline group showed BDI scores between 11 and 16, which is
a light depression state and does not require a physician’s diagnosis but cannot
be regarded healthy. For these three groups, a box-whisker plot of the DEI
distribution is shown in Fig.12. When multiple comparisons were carried out
using the Steel-Dwass method, significant differences were observed among all
groups.

The ROC curve for healthy and borderline is shown in Fig. 13 and the ROC
curve for borderline and clinical depression is shown in Fig. 14. The values of the
area under the curve (AUC) for the ROC curves were 0.70 and 0.82, respectively.

In Figs. 13 and 14, the points with the highest sensitivity and specificity are
(1 —0.80, 0.64) and (1 — 0.66, 0.86), respectively, and the threshold values of
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Fig. 12. DEI distribution for healthy, borderline, and clinical depression.

DEI at that time were 0.036 and 0.11, respectively. The confusion matrices for
these thresholds are shown in Tables 6 and 7, respectively.

4 Discussion

One limitation of this study is that little validation data is available. The usage
rate of smartphones among the elderly is low and some users downloaded but
did not use the application. It may be necessary to collect data from the elderly
using another method.

Because the probability of the independent variable coefficient was significant
for all selected variables, the probability appeared to be related to the depression
state of the elderly. Although the anger and joy components showed nearly no
correlation with BDI score, they may greatly impact the depression state based
on the sign and magnitude of the independent variable coefficients. The depres-
sion state involves the symptom “getting angry and irritated”, and the result for
which the emotional component of anger has a great influence coincided with
this symptom. The result greatly influenced by the emotional component of joy
did not match the symptoms of a depression state. Based on the main symp-
toms of the depression state, the component of sorrow showed the strongest
relationship with the degree of depression, which differed from our hypothesis.
This may be because the sorrow component was weakly correlated with the BDI
score, but the clinical depression distribution was somewhat lower than the nor-
mal. Additionally, in this analysis, there was no data for elderly people with a
BDI score of > 30. Because the group requiring a physician’s diagnosis was only
in a state of moderate depression, it is possible that the influence of the sorrow
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Fig. 14. ROC curve for borderline and clinical depression.
component was underestimated. The excitement component had a large and neg-

ative influence on depression state, which is consistent with “loss of motivation”,
one of the symptoms of depression. Regarding the calmness component, a weak
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Table 6. Confusion matrices for healthy and borderline.

BDI
Healthy (BDI < 11) | Borderline (11 < BDI < 17)
DEI | Low(< 0.036) | 400 45
High(> 0.036) | 98 79

Table 7. Confusion matrices for borderline and clinical depression

BDI
Borderline (11 < BDI < 17) | Clinical depression (BDI > 17)
DEI | Low(< 0.11) | 82 7
High(> 0.11) | 42 43

correlation was observed with the BDI score; thus, this component was not
involved in the depression state, despite the significant difference observed
between the clinical depression and normal groups. Because the four emotions
of “calmness”, “anger”, “joy”, and “sorrow” were outputted to 100 percent, if
the feelings of “joy” and “sorrow” are suppressed and “anger” does not change,
“calmness” correspondingly increases, which may have affected the judgment.
The change in emotion estimated from the above symptoms and results of this
study require further analyses. Sex showed a link with BDI score, which was
reflected in the model. Based on the sign of the independent variable coefficient,
women tended to have a higher DEI than men. This is consistent with the fact
that women tend to be more depressed than men [18]. Age was not correlated
with the BDI score, and the model revealed no significant difference between
clinical depression and normal subjects. In fact, the independent variable coeffi-
cient value showed a lower value than the other values, indicating that it did not
have a large effect on depression state. Because the number of current illnesses
was moderately and positively correlated with BDI, it was considered as related
to depression. According to the sign of the independent variable, DEI generally
increased as the number of diseases increased, and the number of current illnesses
was successfully reflected in the model. This is consistent with the fact that a
patient is more likely to become depressed if he/she is afflicted with multiple
diseases [19], but among the data used for analysis, 3 and 4 current illnesses was
observed only in the normal group. Half of the data were erroneously discrimi-
nated as clinical depression, and the influence of the number of current illnesses
on the model was not accurately reflected.

The prediction formula obtained by analysis fit well with the data based on
the fitness test. In addition, because there was a significant difference in the
distribution of DEI for the clinical depression and normal groups, this indicator
can be used to screen elderly people with depression. The performance of the
evaluation indicator as a classifier according to sensitivity, specificity, and AUC
showed a high value, and the performance was improved remarkably compared
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to the model that only included emotional components. However, it is necessary
to apply the prediction formula obtained in this study to other data to verify its
accuracy.

Although the model was used for two groups of classifiers, the proposed
evaluation indicator showed good performance for classifying 3 groups but should
be improved. The normal group was divided into healthy and borderline groups;
by adding the clinical depression group, we established 3 groups. The borderline
group was in a state of mild depression. This demonstrates that this indicator
is also effective for classifying the severity of depression.

In the depression state, there is a characteristic decrease in the expression of
emotion, so we developed MIMOSYS to detect trends in the emotional compo-
nents of voice. In this study, we investigated the association between emotional
components, attribute information, and a depressed state. In the future, we will
consider using not only voice, but also activity data using a smartphone’s accel-
eration sensor and examining their relationships with depression state. Existing
approaches for detecting depression state use biometric information obtained
from various sensors other than voice, such as heart rate [10], electroencephalo-
gram [1], and facial expression [16]. Invasive approaches include the use of saliva
[15] and blood [23], and this information should be incorporated into models
developed in future studies.

The number of voice features reflecting emotional components may also be
involved in depression. We will also consider selecting new voice features that
reflect a depression state and further improve the accuracy of our model.

5 Conclusion

In this study, we used multivariate analysis to analyze voice emotional compo-
nent data, attribute data, and BDI score collected from users of a system that
monitors the mental health state based on the voice quality of individuals during
calls on a smartphone and proposed an evaluation indicator for estimating the
depression state in elderly people. Dividing data from elderly people into a group
requiring a physician’s diagnosis and group that does not require diagnosis based
on the BDI score and performing logistic regression analysis resulted in a sta-
tistically adequate fitness prediction model. In the ROC curve for the proposed
depression evaluation indicator, sorting performance by AUC was approximately
0.93. Furthermore, we divided the collected data into healthy, borderline (mild
depression state), and clinical depression (requiring physician’s diagnosis) groups
and evaluated the sorting performance using the proposed evaluation indicator,
which showed moderate performance. This suggests that the proposed depression
evaluation indicator is also effective for classifying the severity of depression.

These results suggested that the proposed evaluation indicator is effective for
screening depression patients among elderly people.
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Abstract. The paper presents results from the SmartSleep project
which aims at developing a smartphone app that gives users individ-
ual advice on how to change their behaviour to improve their sleep. The
advice is generated by identifying correlations between behaviour during
the day and sleep architecture. To this end, the project addressed two
sub-tasks: detecting a user’s daytime behaviour and recognising sleep
stages in an everyday setting. In the case of daytime activity detection
the best results were achieved using an accelerometer at the wrist and
another one at the ankle (87%). A subsequent smoothing step increased
the accuracy to over 90%. For recognising sleep architecture we exper-
imented with various consumer wearables that we used in addition to
the usual PSG sensors in a sleep lab. Several sleep stage classifiers were
learned from the resulting sensor data streams segmented into labelled
sleep stages of 30s each. Apart from handcrafted features we exper-
imented with unsupervised feature learning based on the deep learn-
ing paradigm. Our best results for correctly classified sleep stages are
between 86 and 90% for Wake, REM, N2 and N3, while the best recog-
nition rate for N1 is 37%. Finally, we discuss a preliminary design of the
algorithm for determining correlations between daytime behaviour and
sleep architecture.
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1 Introduction

Sleep disorders such as insomnia or sleep apnea are wide-spread and are on the
increase, especially because of an ageing population. Changes in the patterns
of our sleep — what specialists call “sleep architecture” — occur as we age and
tend to contribute to sleep problems [1]. But apart from ageing, other factors
have shown to contribute to sleep disorders, such as lack of ambient light, lack
of physical activity or stress [2].

Sleep disorders often remain undiagnosed and untreated even though they
are a significant cause of morbidity and mortality [3]; for a detailed review of
sleep disorders see [4]. Overall, experts agree that the prevalence of sleep disor-
ders such as obstructive sleep apnea (OSA) or daytime sleepiness tends to be
underestimated.

Sleep disorders often coincide with chronic health problems such as diabetes,
hypertension, obesity as well as cardiovascular and psychiatric diseases such as
depression. According to a recent survey [5], about 20% of people in Switzerland
suffer from sleep disorders. About 28% of those affected were taking sleeping
pills on a regular basis. Approximately 80% of patients with depression also
complained about sleep disorders which can be considered predictors of future
depression. According to a meta analysis of over 20 published longitudinal studies
between 1980 and 2010, insomnia doubles the risk of suffering from depression [6].

Traditionally, sleep disorders are investigated in sleep laboratories by means
of polysomnography (PSG) as well as by actigraphic assessment. A polysomno-
gram or sleep study usually involves the measurement of brain activity through
the electroencephalogram (EEG), muscular activity (EMG) and eye movements
(EOG). Other parameters monitored include oxygen saturation, respiratory
effort, cardiac activity as well as sound and movement activity.

But not only is such sleep monitoring costly, it also removes people from
their normal sleeping environment and prevents repeated or longitudinal studies.
Recently, smart watches, fitness trackers as well as sensors built into a smart-
phone offer new opportunities for continuous monitoring in everyday settings.
Sensors and wearables can capture data about people’s rest and activity pat-
terns. Most devices use accelerometers for tracking movements during the night
from which they derive information on sleep architecture and sleep quality. Some
devices take additional vital parameters into account, such as heart rate and skin
conductance.

However, the tracking devices and sleep screening apps currently available
cannot compete with the accuracy of clinical sleep laboratories. At best, they
are able to distinguish between waking time and sleep time. When we compared
different devices that claim to distinguish sleep stages we found little match
between the identified sleep stages. Besides, according to a review of current sleep
screening applications conducted by Behar and his team [7] none of the existing
sleep monitoring applications available for smartphones with the exception of
simple questionnaires, is based on scientific evidence.
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Fig. 1. The objectives of the SmartSleep project (from [8]).

Given the shortcomings of existing solutions for monitoring sleep architecture
in a home setting, the SmartSleep' Project set out to achieve the following
objectives (cf. Fig. 1):

— Develop a low-cost monitoring solution for capturing sleep architecture at
home over a longer period of time with an accuracy approximating a clinical
polysomnography (see right part of Fig. 1),

— collect data about a user’s daytime behaviour, stress levels, and environmental
factors (see left part of Fig. 1),

— identify correlations between a person’s daytime behaviour and sleep archi-
tecture and track the person’s response to simple behavioural changes, e.g.
taking a walk in the evening or more exposure to ambient light during the
day (the arrow in the middle of Fig.1).

The ultimate goal of the project is to automatically generate individual advice
for behavioural changes based on the insights gained from the tracking during the
day and the night. This should open up new opportunities both for developing
lifestyle and medical applications, for example:

— Depression: monitor the individual cognitive-behavioural insomnia therapy
with a particular focus on sleep restriction and stimulus control;

— Gerontology: monitor sleep and waking rhythms for the diagnosis and vali-
dation of therapeutic measures for stabilising sleep/wake phases;

— Rehabilitation: monitor and quantify the impact of activity and movement
as well as of sleep quality on the rehabilitation process.

! The SmartSleep project is funded by the International Bodensee Hochschule. The
consortium includes the Universities of Applied Sciences of St. Gallen, of Vorarlberg
and of Constance, the Center for Sleep Research and Sleep Medicine at the Swiss
Clinic Barmelweid and the two SMEs Biovotion and myVitali.
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The correlations between daytime behaviour and sleep architecture discov-
ered by data mining are highly personal because individuals differ greatly with
regard to what may promote and what may hinder sleep. Whereas for one per-
son a walk in the evening is very conducive to a good night’s sleep, someone
else may get too agitated. This is why in the project we focus on recognising
patterns that apply to a specific individual rather than on statistical correlations
in a population.

To achieve the project goals we have proceeded as follows: Firstly, we have
developed various components for determining the daytime behaviour of a user
(Sect. 2). Secondly, we have developed a component for recognising sleep archi-
tecture, i.e. the sequence and frequency of the various types of sleep stages in
the course of a night (Sect. 3). The third subtask is to eventually identify corre-
lations between daytime behaviour and sleep architecture (Sect.4). This paper
is a considerably extended and updated version of [8].

2 Recognition of Daytime Behaviour

The ability to generate meaningful suggestions for changing daytime behaviour
to improve one’s sleep very much depends on a detailed characterisation of a
user’s daytime behaviour. Our approach is based on two different kinds of char-
acteristics: a user’s activity during the day and a user’s stress levels, i.e. if there
are high-, medium- and low-level stress phases during the day, how long they
last and at which times they occur. For measuring stress levels we use a body
sensor and a smartphone as described in our previous work [9].

In the following we discuss how we have tackled the recognition of activi-
ties. We distinguish between the recognition of elementary activities (Sect. 2.1)
and complex activities (Sect.2.2). The latter is much more challenging and will
therefore be discussed in more detail.

2.1 Detection of Elementary Activities

Elementary (or low-level) activities are either static or dynamic. Static elemen-
tary activities (such as standing, sitting, lying) correspond to body postures. Body
postures can be reliably determined by a variety of sensors, resp. wearables on
the market so that there is no need to develop any new components.

Dynamic elementary activities show a periodic movement pattern within a
time interval of about one to ten seconds. Typical elementary activities are
walking, running and cycling, but also dancing and vacuum-cleaning given the
periodicity of the activity. Similarly, washing dishes could count as an elementary
activity and perhaps also window cleaning depending on how it is done. In
fact, the boundary between elementary and complex activities may at times be
blurred.

In the literature there are many approaches that deal with the detection
of elementary activities using accelerometers, either dedicated ones e.g. worn
at the wrist or the upper arm, or ones that are integrated in a smartphone or
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a smartwatch. For this setting, recognition accuracies of more than 90% have
been achieved — see e.g. [10,11]. Additional research for developing new algo-
rithms is therefore not necessary, only an adaptation of existing algorithms to
accommodate specific sensors might be necessary.

2.2 Detection of Complex Activities

As already mentioned, defining the concept of a complex activity and differenti-
ating it from an elementary activity is not always easy. A complex activity can
be said to be a composition of several low-level activities. It therefore does not
show any periodic movement patterns within a timeframe of up to ten seconds
as is typical of elementary activities. Based on this definition the following are
examples of complex activities: preparing a meal, shopping, gardening. When
it comes to learning classifiers for complex activities it becomes important that
they are clearly defined, i.e. sufficiently specific and with meaningful boundaries.

Specificity means that a complex activity does not have too much variation.
For example, gardening would be a too generic activity to learn because it can
imply pruning roses, planting flowers, or mowing the lawn. All these activities
would have a very different signature, which means that we need to subdivide
gardening into all possible kinds of activities and then learn classifiers for each
of these activities. Similarly, the activity of shopping is too generic. Shopping
for groceries in a mall certainly has different movement patterns than doing
this in a small shop where you stand at the counter and get served by a sales
clerk. Furthermore, shopping for groceries is quite different than shopping for
clothes where you may go into different stores, browse what is on offer and try on
different clothes. Thus, definitions of complex activities for shopping would be:
shopping for groceries in a self-service store, shopping for groceries in a serviced
store, shopping for clothes, etc.

Meaningful boundaries means that it must be clearly defined with which kinds
of low-level activities a complex activity starts and ends. For example, with what
does a shopping activity begin? Is the drive or walk there already part of it? Does
it end with putting away the groceries in the kitchen? In order to reduce the
possible variation between different activity instances their definition should be
such that only the characteristic part of it is covered. In the case of shopping
this would mean that it should be defined as starting with entering the shop and
ending with leaving it.

Learning classifiers for recognizing complex activities is much more difficult
than for elementary activities because the movement patterns are less specific
and show greater variation. As a consequence, more data to learn from is needed
to make up for the greater variation.

Related Work. The task of learning strong classifiers for complex activities
very much depends on using the proper features — as it is the case with all data
analysis tasks. Consequently, a main focus of existing research is on determining
which features to use. [12] experiments with several approaches that all use the
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Fig. 2. Main steps for training a classifier for complex activities.

mean and variance of the acceleration signals of all three axes over a sliding
window as the underlying basic features. The resulting feature vectors are then
clustered using the k-means algorithm. Each cluster is labeled with the activity
that occurs most often in the cluster, i.e. is most often associated with the
feature values occurring in the cluster. With this approach the feature vectors
are mapped to a set of discrete symbols. One of the approaches examined in [12]
classifies a new data sample by assigning to it the label of the closest cluster
center. Two other approaches build upon the generated clusters and compute
histograms of cluster assignments over a sliding window on the input data. This
window needs to be several times longer than the one for computing the features
since a histogram aggregates the cluster assignments of several features. Each
histogram is labeled with the activity that occurs most often in the window of
samples that it covers. Classification is done using a nearest neighbor classifier
on the histograms, resp. a support vector machine (SVM) with the histograms
as features. The fourth approach described in [12] generates a Hidden Markov
Model directly from the feature vectors derived from the input data. The best
result of about 92% was achieved using the histogram approach with an SVM
classifier.

The central idea of the first three approaches in [12] is to create a vocabulary
from the feature vectors rather than use the feature vectors directly. This idea
has been successfully applied by others as well, e.g. [13,14].

Bottom-up approaches such as [15,16] pursue a different approach: they iden-
tify simple activities first and then characterize complex activities as a compo-
sition of simple activities. To this end, [16] includes a preprocessing step that
performs a segmentation into simple activities first. Afterwards histograms are
generated to describe the distribution of the simple activities for each complex
activity. Finally, features are extracted from the histograms which are then used
for classification. Similarly, [15] uses the occurrence and sequence of simple activ-
ities (called ‘micro-activities’) to recognize complex activities.

A completely different approach is described in [17] which relies on back-
ground knowledge about the composition of complex activities as represented
by an ontology. In addition to a concept hierarchy of activities, the ontology
represents temporal relationships between the constituent parts of a complex
activity. Classification then amounts to recognising simple activities from sen-
sor data and employing terminological and temporal reasoning to identify the
complex activity. The advantage is that due to background knowledge, the recog-
nition of simple activities from sensor data need not to be as accurate as when
it is the only source. The approach achieves an overall accuracy of about 88%.
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Table 1. Complex activities considered.

Complex Description Training data | Test data
activity (minutes) (minutes)
Gardening Includes pruning trees as well as 70 124
planting flowers
Grocery Driving to and from the mall by car, | 57 114
shopping shopping in the mall, putting the
groceries in the cupboard at home
Cooking Washing and chopping vegetables, 22 57
working at the stove, setting the
table
Household Includes vacuum cleaning, dusting, 77 104
chores changing bed sheets
Workout in a | Changing clothes, various exercises |65 143

fitness studio | with breaks in between

Our Approach. The approach we have adopted is based on the generation of
histograms of cluster assignments as has been described in [12] and explained
above (see also Fig.2). We experimented with different kinds of sensors, sensor
placements, features, numbers of clusters into which the features are arranged,
time windows for calculating the histograms as well as various classifiers. We
worked with the following sensor placements:

two MSR 145B2? accelerometers — one at the right wrist and one at the left
ankle (or vice versa), with a sampling frequency of 51.2 Hz,

one MSR 145B at the wrist,

— the built-in sensor of a smartphone worn in a trouser pocket,

— smartphone and an MSR sensor at the wrist.

Differently from [12] we experimented with various features to find out which
ones were most significant. Time domain features included mean, standard devi-
ation, root mean square, and skewness, while frequency domain features included
energy, entropy, and maximal frequency. These features were calculated for all
three axes of all accelerometers. For each sensor we considered the norm as an
additional feature, i.e. the absolute value of the mean acceleration, and in the
case of using two MSR sensors, we added the correlation between the two sensors
as a further feature.

Table 1 shows the complex activities that we have considered as well as the
duration of recorded sensor data for training and testing the classifiers.

Each activity type was recorded and labeled by one person only, meaning that
the learned classifiers were person-specific. Activity labeling as well as starting
and stopping the recording of sensor data was done using a smartphone app.

2 www.msr.ch.
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Fig. 3. The effect of smoothing: left side without, right side with smoothing.

The assignment of clusters to histograms was done in two different ways. Hard
assignments put a cluster into one histogram only, namely the nearest one. Soft
assignments put a cluster into the n nearest histograms, each assignment with a
weight that corresponds to the distance and using a softmax function to calibrate
the sum of the weights to 1. The results discussed below are based on n = 3. Our
approach to recognizing complex activities is described in more detail in [18].

Discussion of Results. We achieved the best results with an SVM over 60
clusters (using soft assignments), a histogram time window of 225 samples and
with two MSR sensors, one at the wrist and the other one at the ankle (87%).
The second best result was achieved with one MSR sensor attached to the wrist
(81%). Hard cluster assignments yielded less accurate results. A Random Forest
classifier had only slightly less accuracy than the SVM.

Adding a smoothing step after classification increased the accuracy to 90-95%
depending on the exact learning set-up. Smoothing implies looking at classifi-
cations left and right on the time axis and assigning the current data sample
to the class that is predicted most often in the left and right neighbourhood.
The strong effect of this kind of smoothing can be explained by the fact that
misclassifications mostly occur at the boundaries of two activities (cf. Fig.3).
Compared to the findings reported in the literature (see discussion above) this
is a very good result.

We also experimented with various combinations of features and found that
mean and standard deviation give the best results. Combining them with other
features such as skewness and root mean square actually reduced the accuracy.
The combination of the frequency-based features of energy, entropy and maximal
frequency led to similarly good results when using a smartphone only (78%) but
gave far worse results for the MSR sensors.

The activity of grocery shopping was often confused with cooking because
putting away the groceries in the cupboard is very similar to movements associ-
ated with cooking. Household chores and cooking were also often mixed up when
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using a smartphone as a sensor device, which is not as good at identifying hand
and foot movements as an accelerometer at the wrist and/or at the ankle.

There are a few lessons learned from our experiments that will feed into
our future research. Most important is a narrower definition of the complex
activities to be recognised. For example, it is probably better to reduce the
complex activity of grocery shopping to the activity within the store and leave
out the drive to and from the shopping mall as well as putting away the groceries
because it is too close to kitchen work. Similarly, the activity of gardening should
be divided into more specific activities such as planting flowers, planting trees
and pruning trees.

This will take us closer to the approach underlying [17] who use an ontology of
complex activities and how they are constituted of simpler activities. We believe
that adding this kind of background knowledge will help us to considerably
improve recognition rates. We are also planning to add further types of input
data, especially location, e.g. being indoors as opposed to being outdoors, and
heart-rate to determine the intensity of an activity.

These improvements should not only increase recognition rates but, more
importantly, allow us to learn accurate classifiers from less data. We would then
be able to develop a smartphone app which allows users to train classifiers them-
selves for those activities from the underlying ontology that are most relevant to
them. In this way, we could solve the problem that classifiers for complex activi-
ties are much more person-specific than classifiers for elementary activities [19],
which means that pre-installed classifiers are less accurate than those trained by
the users themselves.

3 Learning Sleep Stage Classifiers

For determining the effects of daytime behaviour on sleep architecture the Smart-
Sleep project needed to develop classifiers for sleep stage recognition based on
wearable sensors that can be used outside the sleep lab in a home setting. The
following sections describe our approach, first characterising the kind of prob-
lem to be solved (Sect.3.1), then explaining the experimental set-up (Sect. 3.2)
followed by a description of our approach using handcrafted features (Sect.3.3)
and our approach based on features learned via a deep belief network (Sect. 3.4).
A discussion of results is given in Sect. 3.5.

3.1 Recognition of Sleep Stages from Wearable Sensors

The automatic detection of sleep stages from sensor data is a goal that many
researchers are currently pursuing. Most existing approaches work on the poly-
somnography (PSG) data generated in a sleep lab, i.e. EEG, EOG and EMG
(see e.g. [20-22]). So far only very few papers have been published on detecting
sleep stages from wearable sensors developed for the consumer market. Some of
them use other consumer sensors as the ground truth rather than a clinical gold
standard such as PSG against which they evaluate their systems and algorithms
[23,24].
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Among the few papers that have reported the use of sensors suited to a
home setting, only a small fraction has actually validated their results against
a clinical gold standard such as PSG or the Rechtschaffen and Kales method
(R-K method). Automatic sleep stage recognition based on heart rate and body
movement was investigated in [25] and the accuracy of their system compared
with the R-K method. [26] discuss the detection of sleep and waking time by
various motion sensors and compare them with PSG measurements taken in
parallel. They were not concerned with the detection of different sleep stages,
however.

For our SmartSleep project we could not use the sleep stage recognition ser-
vices of any of the existing body sensors that offer sleep stage detection because
the sleep stage recognition implemented has been shown to be rather unreliable.
Many of them even have difficulty in distinguishing sleep from waking phases
with sufficient accuracy [27]. These findings coincide with the results of our own
experiments which compared two of those devices and found nearly no correla-
tion between detected sleep stages at all. Therefore it was necessary to develop
our own recognition algorithm.

Recognition algorithms are not handcrafted but obtained by learning a clas-
sifier for each sleep stage. For this we need (a) appropriate input data from which
to learn the sleep stage classifiers, (b) an appropriate learning algorithm. The
input data was provided by the clinical project partner who has taken measure-
ments with our consumer sensors in parallel to classical PSG. Using data mining
algorithms we were then able to correlate the sleep stages as recorded in the
PSG hypnogram with specific patterns in the data from the consumer sensors.
The patterns so identified can then be used to segment sensor data streams into
sleep stages. The following section describes our experimental set-up in more
detail.

3.2 Experimental Set-Up

We have been experimenting with several kinds of wearable sensors and finally
focused on the following two:

— Zephyr BioHarness 3 chest strap with a reporting frequency of 1 Hz for the
channels: heart rate, breathing rate, breathing rate amplitude, ECG ampli-
tude as well as minimum and peak levels of the vertical, lateral and sagittal
axes

— two MSR 145B* accelerometers, one at the wrist and one at the ankle, with a
sampling frequency of 51.2 Hz — the same ones we used for activity detection
(see Sect.2.2)

These sensors were given to 19 healthy volunteers in addition to the usual PSG
sensors in the sleep lab of the clinical project partner. For each person the sleep

3 www.zephyranywhere.com.
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stages (‘Wake’, ‘REM’, ‘N1°, ‘N2’, ‘N3’)° were labelled by experts according
to the gold standard of the AASM classification®. This resulted in sensor data
streams segmented into labelled sleep stages of 30s each, from which the sleep
stage classifiers were subsequently learned. After filtering out flawed measure-
ments, e.g. due to incorrect sensor setups, we ended up with a total of 14,174
labelled segments.

An important preprocessing step involved the clipping of all the 30s seg-
ments by 1.5s at their start and their end to make up for possible misalign-
ments between the PSG clock and the sensor clocks. Although they were always
manually synchronized with each other at the beginning of each measurement, a
slight offset of less than one second between the intervals was still possible. The
clipping ensures that we are on the safe side and do not use sensor data across
the boundary of two labelled PSG intervals.

We used the Weka libraries” implementation of a Random Forest classifier,
an ensemble learning approach which has also been used by other researchers for
learning sleep stage classifiers and has shown to be superior to an SVM ensemble
by [28]. The data processing pipeline was implemented in Matlab in an object-
oriented way: The classes and processing stages were inspired by the pipes and
filter patterns described in [29]. This enabled us to set up new experiments in a
fast and flexible way by appropriately combining data file readers, interpolation
and data merging stages, filtering, feature construction and classification steps.

The quality of the learned classifiers not only depends on the chosen algo-
rithm and its parameter settings but above all on the features being used. Espe-
cially in the case of learning from sensor data, identifying significant features
is a critical and difficult task. We experimented with handcrafted features (see
Fig. 4 and Sect. 3.3) as well as with unsupervised feature learning based on the
deep learning paradigm (see Fig. 4 and Sect. 3.4).

3.3 Handcrafted Features

Finding significant features usually involves much experimentation, in particu-
lar in the case of sensor data streams. We did a literature review to identify
features that worked for other researchers. We not only looked into handcrafted
features used for recognising sleep stages (e.g. [30]) but also into features used
for recognising activity types (cf. Sect. 2.2 and e.g. [11]). Based on the literature
review, we decided to use the following functions to calculate the features from
the sensor raw data:

— energy (sum of power at each frequency),

— sum over all values,

— root mean square of sensor channel values,

— skewness (asymmetry of the probability distribution relative to its mean),

5 REM corresponds to rapid eye movement sleep, while N1 to N3 correspond to pro-
gressively deeper stages of sleep, N1 standing for light sleep, N3 for deep sleep.

5 www.esst.org/adds/ICSD.pdf.

" weka.wikispaces.com.
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Fig. 4. Feature generation and classification pipeline.

— standard deviation,
— vector norm (length of vector of sensor channel values).

We made use of all those features but more systematic experimentation will be
needed to find out if a combination of a subset gives better results, as was the
case with recognising complex activities (see Sect. 2.2).

The handcrafted features are functions which aggregate the raw data of each
30s window and each sensor channel into a value. For the ten channels of the
Zephyr chest strap this results in a feature vector of 60 components per 30s
sleep stage event, and for the six channels of the two MSR accelerometers in
a feature vector of 36 components. With these features three Random Forest
classifiers of 99 trees were learned — one for the two MSR sensors, one for the
Zephyr chest strap, and one for the two MSR sensors together with the Zephyr.
For each classifier we determined the classification accuracy based on a tenfold
cross-validation.

With the two MSR accelerometers we achieved an overall accuracy of 84.5%
(see Table 2), while the results of the Zephyr chest strap were around 70%. One
would have expected the chest strap, which delivers heart rate and breathing
rate in addition to accelerometer data (although measured only at the chest), to
be superior to accelerometer data only. However, it turned out that using chest
straps such as the Zephyr for sleep stage recognition has several drawbacks: First,
we experienced many dropped readings due to the electrodes losing contact when
a person moved. We therefore had to eliminate a significant proportion of the
sensor data stream, which reduced the number of learning examples. Second,
we not only missed measurements but also got many readings with artifacts.
We filtered out measurements with obvious artifacts but in all likelihood we
missed quite a few artifacts, which then introduced noise into the input data.
An additional problem specific to the Zephyr was that in its data streaming set-
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up heart rate and breathing rates were delivered only every second, although the
sensor works internally with 250 Hz for the ECG signal. Further, for the built-in
accelerometer we only obtained the minimum and peak values of the last second.
We therefore stopped using a chest strap in our further experiments.

The confusion matrix in Table 2 shows that the worst classification results are
for sleep stage N1, it mostly being confused with N2. This is surprising because a
human expert can quite easily distinguish N1 from N2. A possible explanation is
that we simply did not have enough data to learn from since the N1 stage occurs
quite rarely (only 2-5% of total sleep time). Since the distinction between N1
and N2 is not of that much importance we learned an alternative classifier for
the sleep stages N1 and N2 combined. The resulting confusion matrix is shown
in Table 3. A more detailed discussion of the results can be found in Sect. 3.5.

Table 2. Confusion matrix: two MSR accelerometers, handcrafted features.

Instances: 14174
Correctly Classified: 11973 84.5%
Predicted
% REM Wake N1 N2 N3
REM 89.6 1.1 2.8 6.3 0
Wake 1.1 86.8 6.1 4.4 1.5
N1 10.1 8.0 37.3 42.5 2.1
N2 2.1 0.8 3.1 90.5 3.5
N3 0 1.0 0.5 8.1 90.2

Table 3. Confusion matrix: two MSR, handcrafted features, N1 and N2 combined.

Instances: 14174
Correctly Classified: 12764 90%
Predicted
% REM Wake N1+4N2 N3
REM 87.0 1.0 11.8 0
Wake 0.9 84.4 13.7 1.1
N1+N2 3.4 1.7 92.3 2.6
N3 0 0.6 9.1 90.2

3.4 Unsupervised Feature Learning Using a Deep Belief Network

Feature engineering is a labour-intensive task. Inspired by the recent enthusiasm
about deep learning [31] we decided to find out how learning a Random Forest
classifier using handcrafted features related to one using features learned via
deep learning. Especially in the context of learning sleep stage classifiers, [20]
have already shown that unsupervised feature learning with deep learning is
promising. We followed a similar approach and derived higher-order features
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Fig. 5. A deep belief network of two stacked Restricted Boltzmann Machines (from [8]).

from the raw data of the sensors by applying a deep belief network (DBN) built
from stacked Restricted Boltzmann Machines (RBM) — cf. Fig. 5. These higher-
order features reflect significant patterns in the underlying raw data and are
therefore expected to be well suited as features for a classifier.

We used DeeBNet®, an open source Deep Belief Network implementation in
Matlab [32]. For the reasons outlined in the previous section we only considered
the MSR sensors. The input vector to the DBN, i.e. the raw sensor data for each
30s sleep stage event, was constructed as follows: For each MSR accelerome-
ters we have 3 channels with an interpolated sampling frequency of 20 Hz. This
amounts to 3600 components in the input vector for the two MSR together.

For the approximation of the log-likelihood gradient the one-step contrastive
divergence (CD) method as proposed by [33,34] was applied. As part of future
fine-tunings we might experiment with other approximation methods and param-
eters for the RBMs in the DBN.

Configuring a DBN and finding a good topology requires both expertise and
experimentation [35]. We experimented with various numbers and sizes of hidden
layers and also used different numbers of learning epochs. It turned out that the
results in terms of classifier accuracy did not change significantly, except for the
number of units at the output layer which correspond to the number of features
learned. In order to avoid overfitting we need to enforce a sufficient amount of
generalisation by setting the number of features to be significantly smaller than
the number of input units (in our case 3600). We experimented with various
settings and found 200 features to give the best results.

The accuracy of the learned Random Forest classifier based on the features
generated by the DBN is shown in Table4. We also did a run with sleep stages
N1 and N2 combined: see Table 5.

8 ceit.aut.ac.ir/~keyvanrad /DeeBNet%20Toolbox.html.
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Table 4. Confusion matrix: two MSR accelerometers, DBN-created features.

Layer 1: 886 hidden units, 150 epochs
Layer 2: 443 hidden units, 150 epochs
Layer 3: 200 hidden units, 150 epochs

Instances: 14174
Correctly Classified: 11290 79.7%
Predicted
% REM Wake N1 N2 N3
REM 82.6 0.8 4.7 11.2 0.7
Wake 2.3 79.6 6.5 8.9 2.8
N1 12.4 7.5 34.5 42.0 3.6
N2 3.2 0.8 3.7 86.6 5.7
N3 0 1.7 0.7 11.5 85.7

Table 5. Confusion matrix: two MSR, DBN-created features, N1 and N2 combined.

Layer 1: 886 hidden units, 150 epochs
Layer 2: 443 hidden units, 150 epochs
Layer 3: 200 hidden units, 150 epochs

Instances: 14174
Correctly Classified: 11788 83.2%
Predicted
% REM Wake N1+4+N2 N3
REM 78.5 0.7 19.9 0.9
Wake 2.2 72.6 22.9 2.2
N1+4+N2 5.0 1.8 87.5 5.7
N3 0 1.2 16.2 82.2

3.5 Discussion of Results

Our results are significantly better than those reported by other researchers who
also used sensors suitable for home settings. For example, [25] achieved a mean of
correctly classified sleep stages of 56.2% when comparing their approach against
the R-K method with 5 distinct sleep stages. For distinguishing between sleep
and waking time [26] presented a classifier with a mean number of correct classi-
fications of approximately 85% against PSG measurements. Our best result for
identifying waking time against any of the sleep stages is 86.8% (see Table 2). [306]
used a wrist-worn accelerometer to detect sleep and wake phases and reported
a precision of 79% for detecting sleep and 75% for wake phases against PSG
measurements taken in parallel.
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The work reported in [23] presented a classifier and evaluated it against
another consumer device as a reference point and achieved 63.7% of correctly
classified REM stages and 60% of correctly classified N3 stages against that
device. [24] presented a classifier that was compared against two other consumer
devices and achieved 80.5% when distinguishing REM vs. non-REM stages and
89.3% when distinguishing sleep from waking times.

The recently published work of Biswal et al. [37] is worth mentioning although
it does not use consumer devices but aims at developing a clinical decision sup-
port system that suggests sleep labels to human sleep stage annotators with
the aim to reduce the time needed for the annotation and increase quality. The
system makes use of the EEG data and was trained on a PSG database com-
prising the data from the impressive number of 10,000 patients. Different to our
approach the authors used handcrafted features and deep learning to train the
classifier. They experimented with various types of neural networks and found
that a recurrent neural network worked best, achieving an overall classification
accuracy of 86%. At first sight it is surprising that the authors did not achieve
a much higher accuracy, but given the fact that the classifier was learned from
data from all kinds of persons, many of which probably with sleep disorders,
instead of using data from healthy persons only, this is a remarkable result.

Although our results using features generated by a deep learning approach
look promising, we still get better results when using handcrafted features. We
expect that the results using deep learning will improve when we have more
learning data available because the experience of other researchers show that
deep learning needs lots of input data, which we currently do not have. Secondly,
there are other, more sophisticated types of deep learning architectures, which
will might give better results, using for example convolutional or recurrent neural
networks [38]. Unfortunately, they need even more input data than our approach
based on Restricted Boltzmann machines. When we have more measurements
available we will look into these issues.

We also looked at the recognition rates for individual persons and how much
they vary. To this end, we trained classifiers without the data from preselected
persons and then classified the sensor data of those individuals using the clas-
sifier. We did this for 14 persons for the combination of the MSR and Zephyr
sensors. For the 14 persons four recognition rates were above 80%, six were
between 70% and 80%, three between 60% and 70% and one below that. This
shows that while average recognition rates are high, there is a high deviation of
accuracy between individual persons. We are still collecting more measurements
and will see if the deviation decreases with the amount of learning input.

4 Correlating Daytime Behaviour with Sleep Architecture

Using the recognition of daytime behaviour as described in Sect. 2 and the sleep
stages as described in Sect. 3 the final task is to detect correlations between the
two (cf. Fig. 1). To this end we first need to define the features to be used when
looking for correlations. As has been discussed in Sect.2, daytime behaviour
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is characterised by elementary and complex activities as well as stress levels
during the day. Relevant features for describing activities are the type of the
activity (e.g. walking, cooking), duration, time of day (morning, noon, afternoon,
evening), location (indoors vs. outdoors), and intensity as measured by heart
rate. Relevant features for characterising stress are its degree (i.e. low, medium,
high) and the duration and time of day associated with each degree.

The following dimensions are relevant for assessing sleep architecture: effi-
ciency (relation between total time of sleep to time in bed), latency (the time it
takes to fall asleep), consistency (regular bedtimes and wake times), percentage
of deep sleep and percentage of REM sleep. These are the target variables to
be predicted by daytime behaviour. As the target variables for a specific person
we take those that differ significantly from what are regarded as average values,
which, of course, changes with age [39].

To be able to learn meaningful correlations between daytime behaviour and
the target values we need to aggregate and generalise the features for daytime
behaviour. This reduces the high dimensionality which would result when consid-
ering all combinations of individual features. A possible approach is to aggregate
the activities into a bar chart where each bar stands for the duration of a certain
kind of activity. The bars could then serve as features in a correlation instead of
the occurrence and duration of each single activity. This feature can be refined
by creating bar charts for different times during the day. In the same way, a bar
chart based on the intensity of activities can be generated.

An underlying ontology of activities could be used to derive other kinds
of feature aggregations. Activities could be grouped into indoor and outdoor
activities, into social activities and activities users do on their own, e.g. reading.
We could also ask users to augment the ontology by stating which activities they
find pleasant and which ones unpleasant and then calculate the ratio between
the two. We will refine these ideas further and then find out which features work
best in real-life settings.

5 Outlook

This paper presents the results of our project SmartSleep which aimed at laying
the foundation for a smartphone app giving people individual advice on how to
change their behaviour to improve their sleep. The advice is based on correlations
between behaviour during the day and sleep architecture. The project therefore
focused on the two subtasks of determining daytime behaviour as well as recog-
nising sleep stages, both by using wearable sensors. To tackle the ultimate task
of finding correlations to generate advice from, we have developed preliminary
data analysis algorithms, which will be implemented and evaluated in real-life
settings. This follow-up project will focus more on the actual development of the
smartphone app and the associated backend algorithms.

Determining daytime behaviour involves the recognition of a user’s activities
as well as the stress levels during the day. While stress level detection had been
developed in a former project [9], the most challenging part was to detect com-
plex activities such as gardening, cooking, or household chores. We obtained the
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best results with two accelerometers, one at the wrist and the other at the ankle,
achieving an accuracy of 87% and after a subsequent smoothing step of up to
95%. Future work concerning the activity detection subtask will focus on taking
different kinds of sensor data into account, in particular heart rate and location,
as well as background knowledge in the form of an ontology of complex activities
that will comprise a concept hierarchy of activities and a representation of how
activities are composed of constituent activities. With these measures we expect
to increase the learning rate so that less input is needed, thus enabling users
to train the relevant classifiers themselves without having to provide too much
annotated data.

Determining sleep stages for healthy people worked surprisingly well with
the same two accelerometers that we used for activity detection — one at the
wrist and one at the ankle. With these sensors we achieved an overall accuracy
of 84.5% (Table 2). The weakest classification result was for the stage N1 which
was often confused with N2. If we do not distinguish between N1 and N2 but
combine them into one stage the overall accuracy increases to 90% (Table 3).

To further improve sleep stage classification an additional sensor for vital
signs is needed. Because of our disappointing experience with the chest strap,
we looked for alternatives. While there are other chest straps we could use,
they would also have the problem of misreadings and artifacts because move-
ment in bed often causes a loss of electrode contact. We have therefore begun to
experiment with a new body sensor from our project partner Biovotion which is
positioned at the upper arm. Apart from sensors for measuring skin temperature
and an accelerometer the device includes three opto-electronic sensors for differ-
ent wavelengths which measure the absorption by the skin tissue. We are using
the raw signals from the optical sensors as well as the accelerometer data as
input to our deep learning framework to learn higher-order features from them.
The opto-electronic sensor data is ideal for deep learning since the optical signals
contain a lot of information on vital signs, e.g. heart rate and oxygen saturation
can be derived from it. First results are encouraging because they show recog-
nition rates of as high as 77% for N2, 84% for N3 and of 77% for REM even for
a small amount of learning data of 4069 labeled sleep stages. We are currently
collecting more data and expect to achieve significantly higher recognition rates
with the Biovotion sensor. Besides the inclusion of vital data we expect further
accuracy improvements to be due to having more learning input, using a more
powerful deep learning architecture (e.g. based on a recurrent neural net), and
— most importantly — from considering transition probabilities between sleep
phases.

In the future we might invest the effort to have the sleep stage labels in our
learning input be created by two experts who have to come to an agreement
on all those labels where they differ. This increase in data quality might prove
important as it is known that the inter-rater agreement for annotating sleep
stages is between 65-75% [40]. It is pointless trying to achieve recognition rates
of 90% on data that is only 75% consistent.
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The sleep stage classifiers we have learned so far are for healthy individuals

but we will also learn further classifiers for patients with specific diagnoses and
will investigate in which cases classifiers for healthy people can be applied to
people with certain medical diagnoses and in which cases this does not work.

Finally, we are planning to integrate the results of the SmartSleep project into

our framework of behavioural change support systems [41] as we are convinced
that giving personalised advice can contribute considerably to behavioural
change.
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Abstract. For the last 10 years, ageing well in the community has become a
key concern of the European Union and its member states. Action plans as well
as distinct programs such as the Ambient Assisted Living (AAL) Joint Pro-
gramme are evidence of this engagement. Since then, many AAL products and
services have been developed and implemented in the European market. Up to
now, however, access to, and the availability of these solutions is difficult, and
the information on their use is scarce. ActiveAdvice, an AAL EU-funded project
aims to develop an online platform which offers both information on AAL
solutions as well as advice to end users. This paper discusses the application of a
multi-stakeholder perspective approach. It discusses the user-centered devel-
opment and reflects on the establishment of AAL ecosystems and the functional
requirements of the ActiveAdvice platform. It includes an extended method-
ological framework, which explains conclusively the ActiveAdvice stakehold-
ers’ identification process and the user-centered requirements analysis, built on
38 semi-structured interviews with three stakeholder groups — consumers,
businesses and governments. The integration of different stakeholders in the
development and implementation of AAL solutions is a necessity as well as a
challenge. This holds also true for the development of the ActiveAdvice
platform.
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1 Introduction

Research on ageing suggests that older adults would prefer to age independently and in
their private homes as long as possible [1, 2]. Similarly, family members and other
informal caregivers have shown a preference to provide care in familiar environments
[1, 2]. Nonetheless, with regards to their health status, ability to perform the activities
and instrumental activities of daily living (ADLs and IADLs) autonomously, socioe-
conomic and family situations, interests and capabilities, older adults constitute a
highly heterogeneous group. This means that new approaches and concepts are
required to cope with the great variety of needs these older adults have. In addition,
throughout Europe, the number of caregivers — both on a professional, as well as
informal level — is declining [3]. Demographic, social and cultural trends causing this
development include: (i) the increasing proportion, in the EU population structure, of
the old and “oldest old” individuals as opposed to a decreasing proportion of
children/younger adults; (ii) the rise in the female labor market participation (since
informal caregivers are mostly women of working age); and (iii) a trend for family
organization in small units, particularly in the urbanized context [3]. Due to the above,
several pan-European initiatives have been launched to promote and foster innovations,
which would allow sustainable, financially affordable, and life enhancing solutions [4,
5]. In 2007, the European Union approved the action plan “Ageing Well in the
Information Society” [2]. This plan also was the stimulus for the creation of the
Ambient Assisted Living Joint Programme (AAL JP, formerly Ambient Assisted
Living Joint Programme) in 2008. The Joint Programme combines social, technological
and business aspects and aims to develop new models of service delivery and care [5].
The AAL concept corresponds to a new paradigm, which builds on the potential of
ubiquitous ICT-devices and new forms of interaction to improve the quality of life of
older adults as well as their autonomy, security, health and social integration [6].
Hence, AAL products and services currently tackle multiple dimensions of older
adults’ lives. Proposals to categorize AAL products and services have been advanced,
which is the case of TAALXONOMY [7], a classification system taking into account
the international definitions (e.g. WHO, OECD), initiatives (e.g. BRAID, EIP-AHA)
and standards (e.g. ISO 9999). According to this framework, AAL products and ser-
vices can be categorized according to three levels: (i) scope of application (Health &
Care; Living & Buildings; Safety & Security; Mobility & Transport; Work & Training;
Vitality & Abilities; Leisure & Culture; Information & Communication); (ii) field of
application; and (iii) use cases [7]. Nevertheless, numerous constraints have been found
in the implementation of AAL. These are associated with a lack of user-centered design
and low adherence by end users [8—10] as well as with business sustainability problems
[11]. In addition, the absence of interoperability between systems [11-13] as well as the
limited evidence on interactions between technology and society, on the impact of
technologies and their cost-effectiveness have been identified as constraints [11, 14].
Another constraint considered as one of the most challenging is the requisite of
involving and engaging, from the earliest moment in the development process, multiple
stakeholders with their heterogeneous competencies, interests in the technological
developments and needs. The different interests and agendas of the various AAL
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stakeholders are likely to affect the technology uptake [15-19]. Therefore, the close
involvement of different stakeholders requires researchers to find successful strategies
to motivate them to participate, to understand them and to finally translate their inputs
into the proper requirements [20, 21].

The EU-funded ActiveAdvice project aims to support the promotion of AAL ser-
vices and products, which must be context and situation-aware, pro-active, and
adaptive [22]. ActiveAdvice is intended to set up a European-wide advisory and
decision support platform that brings together the broad range of available AAL
products, services and experts. It intends to include end-users from the beginning to the
moment of its launch and beyond. The project is driven by a design that depicts a
holistic representation of a highly complex AAL stakeholder ecosystem. Therefore, the
project applies a multi-stakeholder perspective, and, by doing so, attempts to support
the collaboration and co-operation among stakeholders towards active ageing and e-
inclusion of older adults’ needs.

This paper discusses a multi-stakeholder perspective and its methodological
implications for the ActiveAdvice EU-funded project. The results presented are based
on an extended narrative literature analysis but mainly summarize the key insights from
a user requirements analysis, underlying the project. The paper follows the previous
publication of preliminary findings in the paper “A Multi-Perspective View on AAL
Stakeholders’ Needs: A User-centred Requirement Analysis for the ActiveAdvice
European Project” [23], which was presented at the ICT4AWE 2017 Conference.

2 Conceptual Considerations

It is frequently reported that many AAL products and services have been developed
without taking the stakeholders’ interests and needs into consideration [24]. AAL projects
too often reflect a more “traditional” techno-centric approach. The ActiveAdvice project
intended to minimize this gap by looking at how to best identify the interests of different
AAL stakeholders (participatory approach), develop an online platform that regards social
components as well as to recognize different needs and motivations (socio-technical
approach and inclusive design), and take in consideration the stakeholders’ contexts
(information ecologies) [25, 26]. In the AAL field, attempts to develop online platforms to
better support older adults and their relatives as well as to better integrate them very often
lack to conceptualize a healthcare ecosystem. The latter is a rather complex theoretical
construct that involves many different stakeholders, with diverse interests, needs and
capabilities. Hereinafter, three key concerns of importance for the ActiveAdvice project
are discussed in more detail: (i) the multi-stakeholder perspective, (ii) the user-centered
development, and (iii) the implications of an AAL ecosystem.

2.1 Applying a Multi-stakeholder Perspective

Stakeholders, broadly defined, are conceived as “any group or individual who can
affect or is affected by the achievement of the organization’s objectives” [27, p. 46].
Notwithstanding, a wide view of the concept might mean that virtually anyone can be
considered a stakeholder and the concept can lose its value. On the other hand, a
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narrower approach considers stakeholders as “those groups without whose support, the
business would cease to be viable” [27, p. 46]. In the context of the ActiveAdvice
project, and, rephrasing the AAL Association’s (2014) definition of ‘“stakeholders”,
those are understood as “(A)all the parties looking for information related to ICT and
Ageing well”, and wanting to use the ActiveAdvice software solution and the advisory
network to gain advice, and more knowledge on existing solutions and on research
outcomes; “The stakeholders can be divided into several interrelated groups”, “each
with their own needs and specific angle of approach towards the information” [28,
p- 1]. Since in the context of the ActiveAdvice project, stakeholders are at the same
time end users of the platform, the terms ‘stakeholders’ and ‘end user’ are used in this
knowledge base indiscriminately.

Older adults have been identified as the main stakeholders of AAL products and
services. However, there are also other stakeholder groups for AAL frequently pointed
out in literature, such as relatives and informal caregivers, formal caregivers, health
operators, healthcare professionals, medical specialists including GPs, community
nurses, occupational therapists, physiotherapists, and consultants [15, 16, 24, 29-31].
Besides, national and regional governments, local authorities and councils on the one
hand, and AAL solutions producing companies or enterprises supplying the devices on
the other hand, act as stakeholders. In a broader sense, also technology designers and
developers, engineers and researchers, as well as insurance companies are to be con-
sidered stakeholders [15, 16, 24, 32-39]. Proposals to cluster this multitude of AAL
stakeholders or end users into primary, secondary, tertiary and even quaternary are
advanced in literature [40-42]. In 1995, Clarkson [40, p. 106] for instance classified
primary and secondary stakeholders. The first group is considered responsible for a
company including shareholders and investors but also suppliers, employees, cus-
tomers as well as the governments and communities whereas in contrast the second is
influential but only involved in everyday business activities on a limited basis, “they
are not engaged in transactions with the corporation and are not essential for its
survival” [40, p. 107]. Any clustering of end users, be it primary to quaternary or
primary to secondary stakeholders, however, is not straightforward, since it depends on
the AAL solution [42]. Besides the clustering, it is even more important how relevant
stakeholders interact with each other. This interaction and its intensity influences the
success and guarantees the creation of value [27, 43], e.g. organizing and implementing
a proper safety and security device in an older adult’s household. So far, therefore, the
multi-stakeholder perspective has been a challenge in the AAL context. It is not always
straightforward to find and accommodate all stakeholders’ interests without trading off
one against another [44].

Predominantly, ageing in place is only socially and collaboratively accomplished or
“co-produced” by the efforts of all stakeholders [45]. The ActiveAdvice project
attempts to address this challenge and consistently applies a multi-stakeholder per-
spective, combining the views of different stakeholders, namely consumers — here
considered older adults and their relatives and/or informal caregivers - , business
representatives and government representatives, from a very early stage of the process.
As will be shown (see Methodology), stakeholders in this context are clustered into
three groups and nine subgroups.
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2.2 UCD and Participatory Development of AAL Technologies

An integrated development approach results in a culture of participation and engage-
ment, which promotes higher levels of stakeholders’ influence and empowerment as
well as an enhanced sustainability of assistive technologies [20, 21, 26, 39]. It is widely
agreed that both user-centered design (UCD) and participatory design (PD) are
meaningful approaches in developing AAL solutions [46—48]. The notion of UCD
means that users’ opinions are crucial, starting with the exploration of initial require-
ments up to the moment of the assessment of products and services [20]. In turn,
participatory design assumes that, in its more meaningful form, end users actively share
roles and responsibilities in the decision-making process. However, in solutions’
development, insufficiently applied UCD and PD is still observed [48, 49].

Experts from diverse backgrounds are usually those who determine by and large the
decision-making process regarding the concept, design and development, with end
users being involved only in an advanced stage, which means that systems’ concep-
tualization is not built into users’ experiences or mental models [21]. This observation
was concluded from a systematic literature review, in which existing AAL solutions
appear to be rather built on the available technology than on end users’ needs, attri-
butes, consequences and values [24]. More recently, AAL projects are characterized,
however, by the fact that older adults, as typically the primary end users, are integrated
in the development from a very early stage in the project. Whilst this inclusion of older
adults is a positive development in the design of AAL technologies, other stakeholders’
needs still are very rarely considered [50]. A growing number of studies, therefore,
have more recently emphasized the importance of a paradigm shift towards a more
participatory development of AAL technologies, which would more frequently open
the design process to various stakeholders, making it a collaborative effort. This would
assure a faster diffusion of user-relevant technologies [26, 51, 52]. This is also sup-
ported by a recent research evaluating a web service developed in accordance with the
Web Content Accessibility Guidelines (WCAG2.0) and the ISO 9241 standards family.
The case study highlights problems with system usability and accessibility, when end
users were only involved in trial of the new service, yet mostly excluded from the
conceptual development of it [37].

The ActiveAdvice project puts emphasis on the premises of the UCD and the PD.
Considering this, four theoretical approaches for the design of the online advisory
platform are integrated: (i) the socio-technical approach; (ii) the participatory approach;
(iii) the inclusive design, and (iv) the information ecologies [25, 26]. In all approaches,
end users are participating in the decision-making at all stages of the design process and
their different needs, backgrounds and capacities are taken into consideration. More-
over, in this process, technical and social components co-operate and co-evolve

2.3 AAL Stakeholder Ecosystem

At a European level, concerns were expressed about the lack of suitable collaboration
and co-operation among stakeholders towards the active ageing and e-inclusion of
older adults’ needs [53]. It was stressed that, so far, in most AAL product and service
developments, the entirety of AAL ecosystem has been somehow neglected [24]. In a
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recent systematic literature review, it has been found that solutions take “patients”
(including older adults) and “physicians” much more into account, thereby not
involving other stakeholders [24]. Another recent study in the Austrian AAL com-
munity shows that a comprehensive view on the involvement of different stakeholders
in AAL projects is still missing; and while primary end-users are usually involved in
both requirements definition and evaluation, other stakeholders, e.g. public institutions,
are mostly left out [54].

An AAL ecosystem is indeed a rather complex entity. It integrates a diversity of
stakeholders, each with different value systems, interests and capacities. Older adults,
for example, might seek to increase their quality of life, whereas businesses might want
to sell their products; representatives of local authorities might seek to guide their
clientele towards appropriate solutions. An AAL stakeholder ecosystem is not the result
of the many different bilateral relationships of e.g. buyers and sellers, caretakers and
caregivers. Rather it is a collaborative system that describes a community of inter-
connected and interacting entities — across various different stakeholder groups, with
the purpose of providing care and assistance to older adults and their caregivers. The
latter are also members of this complex socio-technical ecosystem; they can be partners
to developers and businesses [55]. By integrating a diversity of actors, by better
understanding their needs and by improving the development and implementation in
shortening the time both for the development and the time to market and reduce costs,
AAL ecosystems form a hybrid value chain [56]. The analysis of this value chain can
provide interesting economic insights into the stakeholders’ commercial motivation
inside and towards the ecosystem.

This rationale provides a promising framework for the ActiveAdvice project. In an
ActiveAdvice ecosystem, stakeholders with very different value concepts meet:
whereas older adults might seek to exchange their experiences with AAL products, the
interest of AAL businesses is probably in gathering information on their potential
customers. The public sector, in general, might be interested in building-up a health
ecosystem for a distinct clientele. All this is taken into consideration as the project
applies a multi-stakeholder perspective, which guarantees the stakeholders’ integration
as users of the platform, from the beginning and thereafter.

3 Methodology

The ActiveAdvice project aims to raise public awareness of AAL solutions and provide
comprehensive and comparable information for different stakeholder groups. There-
fore, the early integration of all potential stakeholder groups as future users, contrib-
utors and promoters had to be accomplished. Yet, the challenge was to identify the
stakeholders most relevant for the ActiveAdvice platform development in the first place
and then learn about their needs, interests, and motivations to use or contribute to the
platform. A two-fold methodological design was applied.

In phase one, firstly, a narrative literature review to gather comprehensive infor-
mation on the needs, requirements, motivations and deterrents for primary, secondary
and tertiary users of AAL solutions was carried out. Secondly, in a use case generation
and analysis approach, end user requirements were tackled. The aim was to illustrate
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decision-making processes regarding the search and selection of AAL solutions as well
as the prospective use of the ActiveAdvice platform. Based on these two analyses, the
ActiveAdvice stakeholders were identified, characterized and segmented. Clearly
defined stakeholders were then summarized in a stakeholder map.

In the second phase, semi-structured requirements interviews were carried out. It
was the aim to get to know the identified ActiveAdvice stakeholders’ motivations in
using ICT in general and social media in particular, to learn about challenges in
accessing AAL information and when using AAL products and services. The inter-
viewees were invited to discuss situations in which ActiveAdvice could support them
the most. Furthermore, the interviews helped to clarify, whether and in which form the
different stakeholder groups would pro-actively contribute to the platform in giving
feedback on products. Based on these interviews, the functional requirements for the
ActiveAdvice platform were identified.

3.1 Get to Know ActiveAdvice Stakeholders: Narrative Literature
Review and Use Case Generation

Narrative Literature Review [57]. This was carried out as a first step to identify AAL
relevant stakeholders to provide a broader coverage of the topic at stake. It was
organized in three steps: (i) review planning, with the definition of research objectives,
key-words and databases, as well as inclusion and exclusion criteria; (ii) performing the
review, by carrying out the paper gathering and subsequent selection (applying the
inclusion and exclusion criteria); and (iii) reviewing the documentation, with a quali-
tative summarization of the search results. For step one, a broad set of keywords and
concepts were identified. It was followed by a preliminary screening of papers on AAL
and stakeholder issues in general. Some of the keywords were kept fixed in the
complete set of queries, namely Ambient Assisted Living, Active Assisted Living
technology, Ambient Assistive, Telehealth and Telecare. The defined keywords were
then searched in selected academic databases (e.g. Emerald Insight, Web of Science,
EBSCOhost) and grey databases (e.g. Google Scholar). Publications by multilateral
European and international organizations (e.g. the European Commission, WHO) were
also searched and considered, if relevant. The search was narrowed down to publica-
tions not older than 2007. After a multistage filtering phase, 79 papers were selected for
further analysis: its contents were categorized by themes, using therefore the qualitative
method of thematic coding. The literature findings supported the establishment and
segmentation of the project end users. Three main stakeholder groups have been
identified: consumers (AAL2C), businesses (AAL2B), and governments (AAL2G).
These three groups were further divided into nine sub-groups, as presented in Table 1.

Table 1. AAL stakeholder groups and sub-groups.

ActiveAdvice Primary stakeholders

Cl1 Older adults aged between 55 to 70 years old, characterized by being active and
autonomous. Includes older adults who decided to invest in a new home, usually in a
smaller housing unit, and/or who wish to think ahead and adapt the house for an
upcoming chronic illnesses and future loss of autonomy. Individuals within this group
should be computer literate and be able to access information online

(continued)
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Table 1. (continued)

C2 | Older adults who are facing loss of autonomy and wish to live longer at home, therefore
avoiding/postponing institutionalization. They are forced to look for solutions that
enable them to improve their quality of life without leaving home. These adults are not
necessarily literate in informatics and are not necessarily able to access information
online. However, they must be able to do it with caregiver’s support

C3 | Relatives and/or informal caregivers of older adults who wish to help and assist their
relative/the older adult they care for. This can be because of effective loss of autonomy
(therefore forced to find a solution), but also to prevent further degradation, loss of
functionality and autonomy (prevention)

ActiveAdvice Secondary Stakeholders

B1 | Suppliers of AAL solutions (products, services or a combination)

B2 | Suppliers of services — consultancy services to older adults and their families — that
could take a role as “active advisor” in the field of AAL and the ActiveAdvice
ecosystem

ActiveAdvice Tertiary Stakeholders

G1 | Suppliers of services or solutions. This can be under normal market conditions (e.g. a
provision of home assistance services), or under subsidized schemes for specific target
groups

G2 | Suppliers of services assessing needs of older adults and directing them towards the
right solution or service. This segment could also play a role as “active advisor”

G3 | Policy makers at local, regional and national levels, linked to ageing, living longer at
home, health services and homecare services

G4 | Public Services, senior organizations, interest groups, care cooperatives with
governmental support

The older adults’ segmentation is based on the interlinkage of the following factors:
(i) chronological age; (ii) life course events; (iii) health and functionality status;
(iv) relationship with ICT (particularly internet use); and (v) AAL related needs and
desires. Since literature has shown that relatives are often the decision-makers or
facilitators regarding the acquisition of AAL products and services, they are considered
as a third segment as “indirect consumers”. Businesses were segmented into two
subgroups, the first including suppliers of AAL solutions (products, services or a
combination) and the second referring to businesses which offer advisory services and
could take a role as “active advisors” in the AAL field. Similarly, the “governments”
target audience was segmented: first, differentiating between institutions, which are
aimed at supplying services or solutions to older adults from policy and decision-
makers, who design policies at several levels (local, regional and national); second, by
distinguishing between organizations that only supply services or solutions to older
adults, from those that also provide advisory services, similar to the segmentation
established for businesses. Moreover, an additional stakeholder group was identified
and integrated into “G4”: public services, senior organizations, interest groups, and
care cooperatives. It is noteworthy that during the data collection, it was noticed that
some participants reunited criteria to cluster in more than one subgroup (e.g. older
adults who simultaneously assist a relative).
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Use Case Scenarios [57]. A use case scenario describes a real-world example, a
narrative, of how people or organizations, a user, e.g. an older adult, interact with a
system being designed to achieve a particular goal. Use cases represents descriptions of
single steps, events, and actions that occur during an interaction.

Use cases within the ActiveAdvice project facilitate the illustration of the decision-
making processes regarding the search and selection of AAL products and services as
well as the learning about the prospective use of the ActiveAdvice platform. Four
scenarios, two based on real life experiences and two hypothetical scenarios, were
developed. From the four use cases derived, two concerned the requirements of primary
stakeholders, i.e. older adults, while one use case targeted secondary, and another
tertiary stakeholders.

The following exemplified use case illustrates what it takes to find a product or
service that supports an older adult living alone. This is an example of a decision-
making process around the purchase of a telecare service (pendant alarm) for an 82-
year-old woman who lives alone in the UK. Table 2 provides information about the
timeline, actors involved and steps taken.

Table 2. Decision making process: looking for a pendant alarm.

Actors Process - steps Time
Daughter Encouraged mum to get a pendant alarm January
2016
Mum Speak to occupational therapists February
2016
Occupational Therapist Advice to use “Medicare” — council service, but this has a long | February
waiting list 2016
Council Website Use “Age UK” service or “Magenta” (local housing association) | March
2016
Son Searched “Wirral Telecare” on google looking for March
subsidized/free council service (nothing available) 2016
Son Looked for pendant alarm that resembled jewelry that had been | March
seen at an AAL exhibition 2016
Son Looked up “Age UK” and phoned them March
2016
Son Appointment made with a representative to visit mum April
2016
Age UK sales Representative visited house and demonstrated the system April
representative, Mum & 2016
Daughter
Mum Not sure due to call center in Devon, key holder identification, | April
did not like salesperson, monthly charge 2016
Son Searched council website again — no real section on telecare,
even though the service is provided
Son E-mailed “Magenta”, other local provider, no response May
2016
Son Searched telecare on google following a link from Tunstall May
website 2016

(continued)
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Table 2. (continued)
Actors Process - steps Time
Son Reviewed packages from Telecare24 May
2016
Son Reviewed packages from Boots — more expensive than May
Telecare24, not sure about falls monitoring, no picture of 2016
pendant
Son Checked forums on financial website. Nothing for telecare but | Jun-16
personal alarms showed some results. Most of the
equipment/services were low cost and required some local set
up so required some skilled ICT knowledge. The forums
focused on traditional tech like large button phones rather than
pendant alarms. It was felt that this would put off people who
were looking for a standard solution as it seemed to be relatively
technical people trying to do something as cheaply as possible,
rather than looking at the reliability and responsiveness of the
system. www.moneysavingtexpert.co.uk
Son Checked DLF website and considered visit to look at systems in | Jun-16
local branch
http://www.dIf.org.uk/content/about-us
http://www livingmadeeasy.org.uk/contacts_edc.php
Son Looked at comparison website with lots of suppliers found on | Jun-16
google - narrowed down to Merseyside but showed mainly
National providers that covered the area. http://www.
housingcare.org/service/list/s-24-telecare/l1-451-merseyside.aspx
Son Checked Local Authority website. No mention of telecare being | Jun-16
available. Son rang the Adult Social Care line and they
processed the referral then made an appointment. www.wirral.
gov.uk
Local Authority Visit to mum to explain options and process Jun-16
Daughter Explanation of key safe, impact on local neighbors Jun-16
Local Authority Key safe installed by Local Authority Jul-16
Local Authority Pendant alarm System installed Aug-16

Lesson learned from the use case generation, amongst others, are that the pur-
chasing process of an AAL product takes too long and was resolved only via a tele-
phone enquiry, as there was no information on the local authority website.
Furthermore, the son needed to search in various websites to compare the different
AAL products characteristics and did not always found the needed information. There
is a lot of information available from commercial providers, but the public-sector
provider has no web-based information so far. Besides the 82-year-old woman, many
actors are involved in this process, namely her daughter, son, an occupational therapist,
the Council Website and an Age UK sales representative. In this use case, it is the non-
technical issues, rather than the technical choice, which causes problems for the
involved parties. The ActiveAdvice applications are designed with the exact intention
to ease this process and make it less time consuming for all actors involved.


http://www.moneysavingtexpert.co.uk
http://www.dlf.org.uk/content/about-us
http://www.livingmadeeasy.org.uk/contacts_edc.php
http://www.housingcare.org/service/list/s-24-telecare/l-451-merseyside.aspx
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3.2 Better Understand ActiveAdvice Stakeholders: User-Centered
Requirements Analysis

The first phase of the analysis helped to identify the stakeholders of AAL products and
services in general, as well as to gain a better understanding of the ActiveAdvice
stakeholders. After that clarification, the next step encompassed a user-centered
requirements analysis [58]. This methodology involves users from the onset of the
solutions’ development, to give an early feedback to developers and researchers
regarding user requirements, preferences, acceptances and expectations — in this case
the use of an online advisory and feedback platform on AAL products and services.

Semi-Structured Interviews. Overall, 38 semi-structured interviews were conducted.
The aim was to identify and clarify the highest possible number of issues, which are
supporting or preventing the development, and in the ongoing process, the imple-
mentation of the ActiveAdvice platform. This qualitative technique was chosen
because it allows an in-depth analysis and learning of what people expect and how
individual circumstances determine their reasoning. It is important to note, that the
results can neither be generalized nor quantified. Nevertheless, they give insights in the
stakeholders’ different perspectives and needs.

Potential participants corresponding to the nine previously defined segments were
approached through convenience sampling strategy. The 38 interviews included in the
analysis were rather evenly distributed among the different stakeholder groups: older
adults and relatives (n = 12), business representatives (n = 14), and members of local
and regional governments or representatives of end user organizations (n = 12). The data
was collected in each ActiveAdvice partner country, distributed in the following way:
Austria (n = 5); Belgium (n = 3); the Netherlands (n = 10); Portugal (n = 7); Switzer-
land (n = 6); and the UK (n = 7). The interview guidelines were built in a collaborative
effort among all partners. Three different guidelines — one for each stakeholder group —
were developed. With respect to older adults, the general use of the internet, motivations
to use social media, attitudes towards feedback giving and advice as well as the general
awareness of AAL solutions were in focus. Businesses were asked to comment on their
use of the internet to promote their product, to get in contact with their customers. They
were also asked to reflect on feedback features, their marketing and how to integrate their
products and services into an AAL platform. The government stakeholder group was
asked to comment on AAL developments, products and services in a more general way.
Of interest was e.g. whether they were aware of AAL solutions, how they make them-
selves familiar with developments, whether they promote AAL products, and in which
role they could contribute to an ActiveAdvice ecosystem.

All interview guidelines were first available in English and then translated into the
respective languages (Dutch, German, French, and Portuguese). Adaptations to local
and national specifications were also performed. This was necessary to grasp the dif-
ferences in e.g. the role of health insurances, the social security systems and, legal and
financial issues. All participants received the study information sheet and gave their
informed consent. Depending on the interviewees’ availability and preferences, the
interview was carried out face to face, in a teleconference or by telephone. Each of the
interviews took between 30 to 45 min.
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Matrix Analysis. The data was analyzed using the matrix analysis method. This
method was chosen because it provides a structure with which large amounts of quali-
tative data can be categorized and analyzed, allowing to obtain new insights across topics
that have previously not been established [59, 60]. For every stakeholder group (con-
sumers, business and government), a separate matrix table was created. All answers were
then transferred into the matrixes and all answers were anonymized. Each column rep-
resented one interviewee (i.e. end user 1, end user 2, etc.). Likewise, each row covered
one individual code, which has been defined based on the overall aims discussed above
(i.e. social media, giving feedback, trust in online reviews, etc.). Consequently, the
analysis offered a better understanding of the individual assumptions, as well as a
comparison across the cases of the different interviewees’ assumptions.

4 Results: Stakeholder Perspectives Under Focus

For the ActiveAdvice project, it was important to gain an understanding across the
participating countries and stakeholder groups about the state of the art with respect to
advice, feedback, and availability of AAL solutions; and, furthermore, what the
stakeholder groups expect from an online advice and information platform. Below, the
most important results from the user-centered requirements analysis are presented.
These findings support a better understanding of different and common stakeholders’
motivations, intentions, needs and expectations in the scope of the ActiveAdvice
project. The results section is organized along the line of two main insights. The three
stakeholder perspectives (Cs = consumers, i.e. older adults/relatives, BR = business
representatives, GR = government representatives) are presented in an integrated
manner to highlight differences and similarities in their perspectives towards each topic
as well as to develop a holistic picture.

4.1 Attitudes Towards ICT and Internet Use

ICT Skills, Interest and Internet Use. In general, Cs have demonstrated interest in
ICT-based solutions. However, not all interviewees in this group reported to use the
internet regularly, let alone to consult the web for health-related information. This
constraint was also identified by GRs, who have shown concerns about whether or not
older adults would be able to access an advisory platform in the first place. Perceived
barriers for access include older adults’ lack of technology or ICT skills (technology
illiteracy) or fear of technology/learning process and missing access to technological
devices or internet connection. GRs also stressed that different profiles for older adults
must be taken into account, since those in need for geriatric help are very unlikely to
use the internet.

For those older adults who use the internet, particularly to gather health information,
a preference for receiving information (e.g. via newsletters) rather than actively
searching for it was expressed. Care consultancy is more often sought to be found in
the virtual reality; but the use of internet is often reduced to a first consultancy rather
than an ongoing advice. Regarding social media as a means to look and provide
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information, neither Cs nor BRs see it as a preferential or priority channel. On the one
hand, Cs tend to see social networks as a means for social interaction rather than a
platform for learning or being informed about products and services. On the other hand,
BRs tend to report a lack of resources or skills to invest in the use of social networks,
although they wish to do it at a later stage. When it comes to customer interaction, they
prefer face to face (f2f) interaction, as it provides better means of communication when
building up a relationship with the customer. Furthermore, Cs reported to only rarely
have used online catalogues (not necessarily of AAL solutions) so far. On this topic,
BRs consider that ActiveAdvice must avoid becoming just another online catalogue
providing a selling service.

The main observations by Cs and GRs on these topics are in line with the literature
reviewed. Some reasons for the low acceptance of technology by older adults are: poor
ICT skills, fear of both the technology itself and the learning process, lack of financial
resources to purchase and maintain devices and internet access [8, 29, 34, 61, 62]. It is
documented, however, that barriers associated with ICT skills for older adults will tend
to decrease in future generations [36]. In this study, some Cs report not to have
searched for health information online at all. In contradiction, searching for health
information was reported in the literature as one of the activities most performed online
by older adults [29].

Knowledge of AAL Products and Services. The three groups of stakeholders
interviewed tend to consider that ICT products and services are not well known by
older adults, and they welcomed the possibility to raise awareness and give informa-
tion. GRs stressed that either older adults do not know where to find solutions or they
only start looking once they are in need. Hence, GRs considered that the ActiveAdvice
project should target the awareness raising as much as offering advice. In the BRs
perspective, more and better information on AAL solutions is welcomed in order to
make those solutions widely known. Evidence from literature reviewed pointed to the
same direction when concluding the lack of general public awareness about AAL
technologies. For example, caregivers had perceived a lack of relevant information
available on AAL technologies and its benefits or its availability, only when a point of
crises was reached; while business stakeholders identified it as an obstacle to introduce
and succeed with these products and services in the marketplace [12, 36, 61, 63].

Online Promotion of AAL Services and Products. BRs report to use internet pre-
dominantly for marketing. However, some also stressed they do not use it at all, one of
the reasons being the fact that while online promotion reduces costs from a customer
perspective, this is not automatically the case for businesses. The internet was seen as
an important means for promoting more simple solutions: the less maintenance a
product needs, the more suitable it is to be promoted online. In BRs perspective, the
internet loses importance with business to business (B2B) promotions, since negotia-
tions are dependent on time, experience and trust building. Similarly, GRs also seem to
use multiple formats for AAL products and services promotion, including ICT-based
promotion, but also other strategies (e.g. events). GRs stress that regardless of the
channel used, promotion should include a focus on services rather than on technolo-
gies, in order to guarantee solutions’ quality and flexibility, i.e. allowing easy entry for
companies to promote services and products. In either case, ActiveAdvice is seen as an
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opportunity by GRs to raise the level of awareness of AAL and having a broadened
overview of the entire European AAL market.

Face-to-Face (f2f) Contact. Both Cs and BRs have shown a preference for f2f contact
with each other. For consumers, both buying or getting advice online still compete with
the f2f experience, which is perceived as more trustworthy. For BRs, the f2f approach
allows customers to get to know and build a relationship with the company. Moreover,
complex AAL solutions need to be tailor-made and adapted, tested and introduced to
the specific application-settings, and therefore buying online without guaranteeing
support and service is perceived as too risky. GRs also stress that technological
innovations, social interaction and prevention of loneliness and struggling are impor-
tant issues to consider. Similarly, literature reviewed produced on the usability eval-
uations has shown that solution’s uptake can be hindered by older adults’ fear of losing
social interaction, f2f contact and becoming lonely [26, 33, 64, 65]. However, it has
been reported that if technologies are seen as facilitators of new social interactions
rather than a replacement of human interactions, this apprehensiveness can be partially
minimized [61].

Consumer-Business Online Interaction. BRs have shown to be more receptive to
online interaction than Cs. While the former considered online interaction with
potential customers as very important, the latter might experience businesses directly
communicating with them (e.g. via social networks) as an intrusion into their privacy.
The emergence of the privacy topic in this data collection is not surprising, since older
adults’ concerns about security and privacy in ICT use — particularly when health and
well-being data is involved, or when it comes to online transactions — has been
extensively mentioned in the literature [10, 16, 26, 33, 66, 67]. In spite of BRs’ more
favorable positions regarding online interaction, these actors also mentioned some
deterrents. In particular, it was stressed that everyday activities are dominated by a f2f
and problem focused approach: BRs appreciate to get in contact with their customers as
quickly as possible, but they understand it as an action-and-reaction communication
pattern. Moreover, they stress that communication must not take place in a “public
sphere”, a statement also extended to feedback and advice.

4.2 Feedback and Advice in an Online Environment

Trustworthiness and Usefulness of Online Feedback. Most important for Cs is
feedback about AAL-solutions, preferably by other end users. Cs tend to value feed-
backs offering a description of the product or service (e.g. price, functionalities) and the
related personal experiences; information on the service providers; information on the
website or platform presenting the solutions; and information on the feedback giving
person. Cs declare to value family members’ and friends’ comments for evaluating
whether or not a product or a service is reliable, useful or trustworthy. However, even
with feedbacks from reliable customers or experts, trust is still the biggest concern for
them when accessing the web — thus, the f2f experience is preferred. In the position of
giving feedback themselves, Cs report to be driven by negative incentives such as
complaints about unfulfilled expectations. For BRs, these negative incentives are a



182 S. Teles et al.

reason to be hesitant about feedback in a “public sphere”. When customers interact, and
discuss their positive and negative experiences, companies of course run the risk that
too much negative feedback starts to affect the promotion of a product. However, they
also have the chance to learn first-hand about how their product or service is perceived
and accepted in the market [68]. Nevertheless, for BRs, whereas real user testimonials
(on the own website or on a meta-site) are welcomed, they doubt, in general, the need
for and usefulness of online customer feedback. Moreover, businesses typically do not
appear on websites where customers can place their reviews. Furthermore, Cs’ will-
ingness to provide feedback can be dependent on the age-generation. Literature in that
respect clearly differentiates between Millennials and Baby Boomers, with the latter
preferring to give feedback in a f2f context rather than in the virtual reality, especially
as the privacy cue has priority for them [69]. Yet, in general, interviewed Cs expressed
interest in becoming more active and successful users as well as commenters in a
secured, easy-to-use environment.

Neutrality as Precondition for Advice. In general, both Cs and BRs considered
advice as an important and needed service. Cs demonstrated their willingness to learn
about the best products and/or services for them. However, if asking for advice is
something that Cs would like to do, they currently do not seem to be doing it. Lack of
trust in online-advice is one of the reasons invoked for that. Hence, both GRs and BRs
stress that quality of data and neutrality are important features for them to get involved,
and for consumers to trust in online advice.

Both GRs and BRs highlighted that when providing advice, it is important to under-
stand what the customer really wants and based on such understanding, offer them a
customized, specific support, and one-to-one advice resulting in a perceived benefit.
Regarding the question of who should provide advice, BRs consider that, on the one hand,
advice is best given by those who sell a product, but on the other hand, becoming advisors
themselves was not seen as an option, due to a lack of resources and the disruption of the
neutrality condition. Therefore, a “neutral” body or a virtual agent is suggested to perform
this task. GRs suggest that a panel of older adults could test products and the platform
itself, and similarly, volunteers could act as advisors on the platform.

With regard to digital and virtual advice, it was argued that the use of virtual agents,
particularly in the e-commerce context, is especially relevant to older adults due to the
anticipated decline of physical and cognitive abilities [70]. Studies have supported the
strong impact of virtual agents in the context of online shopping, arguing for their
relevance to address age-related navigational needs [71]. However, building trust is a
challenging task. For example, consumer cohorts have different trust understandings
and thereby reference systems. Furthermore, peer-endorsement seems to have a dif-
ferent impact on consumer behavior, depending on the national context. Clearly, trust is
dependent on website-interface variables; while provider’s brand strength, online
expertise or web site familiarity were less influential. The presence of provider advice,
privacy cues and community features are crucial [72, 73].

AAL Solutions, Platform Features and Usability. When questioned about the AAL
services and products most relevant for end users, GRs stressed that platforms must
include products that take the older adults’ needs and their physical and cognitive ageing
process into account. Both Cs and GRs referred that besides offering information on
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AAL products and services and their suppliers, the ActiveAdvice platform should
contain information about social services, care organizations and other informative
websites (e.g. for dementia, epilepsy). Moreover, Cs expected the inclusion of so-called
“flow charts” on the platform, as a tool to help older adults solving problems or
improving situations step by step, as well as guidelines for ordering products online.

When reflecting on the features that a platform like ActiveAdvice should have, both
Cs and GRs stressed the importance of inclusive design. In addition, a clear commu-
nication strategy, a simple, and a well-structured web-layout can help to build trust.
Mistaken wording can lead to negative emotional reactions, causing the end user to
abandon the technology [37]. It was suggested by GRs that one possibility to address the
problem of accessing online information is to design the website in a way that allows
neatly formatted and easily readable printouts. Cs stressed the importance of platform
features influencing its use, such as the website organization, used colors, the amount of
information included, and, as a critical factor, security and safety. The security topic was
highly valued by BRs, as was the neutrality, i.e. the platform needs to guarantee
impartiality in the presentation of products and services. Neutrality was also highly
esteemed by GRs, who suggested that the quality standards should be transparent, such
as the criteria and guidelines on how products and services are being evaluated.

BRs have suggested that specific functionalities of ActiveAdvice must include
videos (with comments by developers and users) and “qualitative photographs”. Both
should help to best describe the solution as well as its functionality; and include e-
Expert stories. Moreover, testimonials for the platform itself and not only for the single
services can be a way to assess and improve platform reliability. BRs also mentioned
that both the products and the platform need to be certified, as this is a guarantee for
quality management; and thus, a valuable and reliable offer — for both businesses and
the customers. No particular information on a possible certification process and insti-
tutions were provided. Additional features such as the inclusion of a telephone number
by country and the presentation of the platform administration were considered by GRs
as relevant factors for raising the website’s credibility.

ActiveAdvice Perceived Added Value. All stakeholder groups appear to anticipate
and recognize positive effects of a pan-European advisory platform. GRs value the
potential benefit of the ActiveAdvice platform for experience exchange between
organizations in stimulating older adults to use ICT solutions, in offering their own
product(s) or specific assistance on a local municipal/communal level. Offering
information on the AAL market, such as data on suppliers and services and feedback
from end users that could feed into the evaluation process for procurement is essential.
In addition, it could possibly serve as basis for policies for care for older adults.
Moreover, ICT support was considered helpful for businesses promoting AAL solu-
tions, with interoperability with other systems being seen as an opportunity. A platform
such as ActiveAdvice was also seen as providing an opportunity for smaller suppliers
to promote their products.

Nevertheless, some BRs have raised concerns and shown reluctance in contributing
to a future platform due to a potential risk of competition. Also, for the occurrence of
the benefits pointed out above, both GRs and BRs stressed that ActiveAdvice must
guarantee the quality of products and services, as well as their security, and, as
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previously mentioned, neutrality. Those are the baseline conditions for these stake-
holder groups to allow their products and services being promoted through the plat-
form, and to promote the platform themselves. BRs also asked for transparency with
respect to the business model and the responsibilities of each stakeholder involved and
expressed that they need to make sure that the platform is accepted and reliable. GRs
suggested that a credible quality label would ensure reliability and trust as well as
mobilizing a wider support from governments, large associations with high reputation,
suppliers and local persons providing services (e.g. general practitioners). The
involvement of municipalities and local authorities was considered by GRs as essential
to better promote the platform and to increase trust amongst older adults.

5 Discussion and Lessons Learned for the ActiveAdvice
Platform

When it comes to functional requirements, the ActiveAdvice platform builds on the
results from the user requirements analysis. The three stakeholder groups may share
requirements for basic functionalities, such as a desire to gather comprehensive
information and a holistic market overview being offered. However, there are also
stakeholder group-specific functional requirements that are not necessarily shared
among all of them.

Both consumers and governments share a need for comprehensive information and
decision support. Thus, the system has to provide (i) digital advice and decision support
as the core of the ActiveAdvice platform; and (ii) guidelines, use cases and use stories
in order to illustrate AAL products and services. In addition, based on the identified
needs for community exchange and feedback for the consumer stakeholder group, a
feedback function for review and rating should enable them to generate content and
exchange experiences about AAL services and solutions. This latter function is a clear
contrast to commercial expectations. The ActiveAdvice platform developers need to
manage these different expectations accordingly. Then again, businesses do want the
possibility to get in contact with their customers, hence a functionality for customer
contact and customer interaction is required. With the use of profiles for vendors,
products and services, businesses can provide information on the products and services
they offer.

In order to provide governments with the needed information, an additional
functionality providing accessibility guides and awareness sheets will be implemented
to allow showcase retrieval for best practice. Furthermore, knowledge channels are
planned. Through them, the ActiveAdvice platform also contributes to the awareness
raising of AAL products and services. It is both an information feature as well as an
AAL development sensitizer. The “ActiveAdvice Information and Awareness Hub”
was conceived and recently launched precisely with the aim to answering these
requirements. In line with this is the functional requirement for promotion and net-
working. Such a functionality allows businesses to provide up-to-date information
about their respective services and products, thus ensuring the timeliness of the pro-
vided information - this, then, will benefit both the consumer and government stake-
holder groups.
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Based on the user requirements analysis, the ActiveAdvice platform will provide
three main functions:

(i) providing up-to-date information on AAL products and solutions;
(i) offering feedback, advice and decision support; and
(iii) giving businesses the opportunity to present their products and services.

With these functions, the ActiveAdvice platform presents itself as an integrated
communication tool with the potential of bridging the gaps between AAL stakeholders. It
facilitates cooperation, information exchange and, ultimately, e-commerce. More than its
value regarding the front-end (i.e. the website/app), the power of the ActiveAdvice
platform lies in connecting the organizational, non-visible parts, in the back-end.

6 Conclusion

The AAL field would profit from more collaboration and coordination among stake-
holders. This call for multi-stakeholder partnerships comes not only from academics
but also from other protagonists in the AAL fields, such as the industry and CSOs as
well as governments, and the European Commission (EC) [34, 67]. The integration of
different stakeholders’ perspectives in the development and implementation of AAL
solutions is a necessity as well as a challenge. This holds also true for the development
of the ActiveAdvice platform. In that respect, the literature analysis confirms that the
development of a platform that supports both the sharing of information and building
up of networks between different stakeholders, is a comprehensive task. Moreover, this
paper demonstrates that interests and intentions vary between stakeholders. While for
example the need for more information on AAL developments is expressed by all three
stakeholder groups, at the same time reservations from the business side towards the
extent and format of product information is articulated. The same applies to AAL
advice. Businesses would want to provide advice; however, they consider it as a service
to be offered one-to-one rather than online. In addition, governments would need an
AAL product and service information tool, however, they are not sure whether to at all,
and how they should contribute.

The ActiveAdvice project has applied a multi-stakeholder perspective right from
the project start, by that, facing the many different contradictions concerning the
stakeholders’ interests, needs, knowledge and motivations. It has the potential to
integrate and facilitate an AAL product and service environment for all stakeholder
groups. However, it has to prove to all stakeholders that it is safe to interact and share
experiences within the ActiveAdvice platform, that it presents a neutral and reliable
environment in which stakeholders can trust. While ActiveAdvice is designed to be
pan-European, it is clear that ageing will always happen locally.

The ActiveAdvice project also needs other developments to take into consideration:
we observe a shift happening in the influence of physical and virtual realities. Authors
detect the introduction of a new regime, namely the establishment of engagement
ecosystems. These integrate both the virtual and the physical environments with the
purpose of optimizing the promotion and selling of products and services. The purely
virtual service landscape in such an engagement ecosystem, is enhanced by real world
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physical environments. Prominent examples are e.g. Google or Microsoft and Apple
[74]. The ActiveAdvice EU-funded project will need to take into account this trend to
shift from a purely online interaction to an integrated logic.

In the ongoing ActiveAdvice project, the stakeholder ecosystem is focused even
more. In a next step, the respective stakeholder requirements will be integrated into the
user testing phase. The overall aim again is to ensure the possibility of (knowledge)
exchange and collaboration within the ActiveAdvice platform and to build up an
engagement ecosystem. Moreover, especially the concept of “active advisors” [75]
offers the possibility to bring together various stakeholders with the use of the Acti-
veAdvice platform.
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Abstract. In the context of an ageing population, providing relevant informa-
tion to support seniors’ daily activities plays an important role to promote these
citizens’ quality of life. This study is part of the +TV4E project, which aims to
develop an Interactive Television (iTV) platform to transmit personalized
information regarding Services of General Interest (SGI) to senior citizens. In
order to better assess seniors’ preferences and expectations this study aims to
propose the Assistance Services of General Interest for Elderly (ASGIE) concept
and taxonomy. To achieve this, we set out to collect contributions from spe-
cialists in welfare promotion and public policies development for the Portuguese
elderly to elicit detailed perceptions on the information needs of these population
segment. The validity and relevance of contributions gathered along with these
specialists were subsequently confirmed in a survey with 23 seniors recruited in
the context of the +TV4E project. The ASGIE taxonomy is composed by 7
domains of information: Healthcare and Welfare services, Social services,
Financial services, Culture services, Security services, Transport services and
Local authority services. Findings from this study are relevant for authorities in
charge of designing, implementing and monitoring public policies for seniors, as
they present valuable indicators of information needs of these citizens.

Keywords: Information needs - Taxonomy - Public policies
Social services - Seniors - +TV4E - Portugal

1 Introduction

Ageing is one of the most important social challenges of the 21° century. Though
increased longevity is something to be celebrated, for a considerable part of the pop-
ulation ageing may be distressing and problematic if there are no conditions for being
independent, active, and healthy for as long as possible.

In many countries people live significantly longer than they did a few decades ago.
The number of senior citizens in 2000 came from 600 million to nearly one billion in
2015 and this number is projected to reach 2.1 billion by 2050 and 3.1 billion by 2100
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[1, 2]. Particularly, between years of 2015 and 2030 population aged over 60 years in
European countries will increase by 23%, while in less developed regions such as
South America and Africa this population segment is projected to grow around 50% or
even 70% [1]. These changes have resulted in an expressive reversal of the age pyramid
and caused great economic impacts on public health and pension systems. So far, the
leading response for the social and economic implications concerning older people is
the development of active ageing initiatives to enhance participation, health and
security, as well as to achieve quality of life as people age [3].

In what concerns Portugal, between the years of 2001 and 2011 the senior popu-
lation increased from 16% to 19%, leading the population ageing index from 102 to
128, which means that for each 100 young people there were 128 elderly people [4].
According to PORDATA Institute report [5], in 2015 the number of Portuguese
inhabitants aged 60 or more finally surpassed the number of children, adolescents and
young adults (less than or equal to 24 years), which puts Portugal as one of the most
advanced countries in the society ageing process in Europe. Moreover, even the most
optimistic projections (considering high levels of fertility and lower levels of mortality
and migration) indicate that in 2060 the number of seniors in Portugal will be around
2.7 million, leading the population ageing index to 287 [4]. In 2080, it is expected that
for each 100 young people there will be 317 elderly people [6].

The European Commission (EC) recognizes the ageing population theme as a
common challenge to all European countries. To address this challenge it was estab-
lished an European Innovation Partnership (EIP) on Active and Healthy Ageing
(AHA), which focuses on actions developed in 3 work fronts: prevention, screening
and early diagnosis; care and cure; and active ageing and independent living [7]. Also,
the EC has launched several programs, flagship initiatives and action plans to foster
structural measures to create and improve public and social services. Some of these
measures are e-government solutions, creating new sources of growth and social
cohesion according to a quality framework and promoting the deployment and usage of
modern accessible online services [8]. These measures were envisioned by the EC as an
opportunity to all European countries to lead the world in active ageing projects, by
creating innovative technologies that enable older people to live independently and
more active in society [9]. These technologies play a vital role by enabling individuals
with the access and the ability to obtain information and knowledge about several areas
of their daily living situations [10]. Portuguese government has been also strongly
investing on this way to provide public and social services. According to comparative
studies based on the digital public administration of European Member States and
published by the National Interoperability Framework Observatory [11], Portugal
stands out in three important metrics concerning public electronic services imple-
mentation: (i) user centric (to what extent information is provided to users and per-
ceived by them); (ii) key enablers (to what extent technical pre-conditions regarding
information security are present) and (iii) transparency (to what extent the government
is transparent on its own responsibilities and performance, on public services delivery
and on personal data involved).

Strategies and measures implemented in recent decades put Portugal at the forefront
of Member States in terms of provision of public electronic services, with performance
levels above the average of European countries in the field of national electronic
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government [11]. However, despite being among the top three in Europe concerning
quality and availability of public electronic services, Portugal still faces low levels of
adoption of these new digital interfaces due to a set of structural factors, such as “low
levels of computer skills of the population” [12]. Moreover, much of the population
still not reached by these new sources of information regarding public services, as
usually they require direct searches in the media, previous registrations, among others.

The reach of information about public and social services is even lower when
considering the elderly as the target audience. In Portugal, given the current scenario of
info-exclusion [13] and low literacy levels [14] of seniors, they are commonly in a
disadvantaged position for not being aware of the welfare benefits available to them,
though they are the ones who most need assistance and information [15]. Such exclusion
contributed to the fallacious perception of older people as being passive individuals,
family-oriented only and disinterested in social and political participation [16].

According to Everingham et al. [17] providing information needed by older people
is critical to “age well and socially included”. In this way, effective delivery of public
services information considering elderly needs is vital for a successful development of
public policies. Furthermore, fulfilling information requirements of elderly using per-
sonalized and acceptable methods may give them more independency and autonomy.

In this context, the +TV4E project comes up as a platform for interactive television
(iTV) to enrich the television experience with the integration of informative contents
about public and social services in a personalized way [18, 19]. The target audience of
this project is the Portuguese elderly population considering their characteristics,
specific needs and expectations in the use of public and social services. This project
aims to leverage the proximity and familiarity that elderlies have with the television
(TV) to develop an iTV platform in a promising way to access information that
otherwise would not be easily accessible. The +TV4E project is an on-going research
action project, and to achieve this goal, it provides mechanisms for gathering and
transmitting informative contents regarding public and social services, which in turn,
must be properly classified to meet the user requirements and interests. In addition, this
classification of services is discussed in this paper and will be used as input for the
+TVA4E content recommender system [20, 21], which is responsible for selecting and
matching the informative contents with the users in a personalized way.

The research presented in this article sought to find out a list of public and social
services available for seniors in Portugal and, according to this list, the concept and
taxonomy of Assistance Services of General Interest to the Elderly (ASGIE) is pro-
posed. Such taxonomy categorizes not only services, activities, resources, and social
programs directed to the elderly, but also the ones that might assist them in their daily
activities.

This paper is structured as follows. The theoretical framework section reviews
some concepts regarding public and social services in Europe as well as some literature
works on information needs of elderly that supported a preliminary version of the
taxonomy. Section 3 describes the methodology applied by this study and in Sect. 4 a
proposal of taxonomy of Services of General Interest tailored for the Portuguese elderly
population is presented. Finally, in Sects. 5 and 6, discussions and final remarks are
given singly, especially with respect to the context of +TV4E project.
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2 Theoretical Framework

Over time, a set of transformations occurred concerning the terminology of “public
services”. Following it is presented a historical view evolution of the concept of Ser-
vices of General Interest (SGI), as well as the information needs of elderly people, in
Portugal.

2.1 Services of General Interest

In the late 1990s there was a change in the terminology used in the EC to designate
public and social services due to discomfort and misunderstandings around the multiple
possible meanings and interpretations of the many-faceted “public” word, which can
refer to the group of beneficiaries of the services or to the public institutions providing
it. Though there is no precise definition given by the EU [22], the term SGI has
emerged as the main designation in Europe to comprehend the services tailored to fulfil
the citizen’s wellbeing, considered to be of general interest by the public authorities and
thus subjected to a set of predetermined public-service regulations [8, 23]. The SGI
comprehend a wide range of activities, functions and resources, from telecommuni-
cation networks, postal services and water supply to healthcare, education and financial
services [24]. These services are vital for the daily life of citizens and enterprises,
essential for ensuring the sustainable development of the European Union (EU) in
terms of higher levels of employment, social inclusion, economic growth and envi-
ronmental quality [8]. Also, these services are important to promote social, economic
and territorial cohesion throughout the EU.

Some other terms related to the SGI are also applied and considered by a set of EC
communications, reports and papers. The concept of Services of General Economic
Interest (SGEI), sometimes used interchangeably with the term SGI, covers services of
an economic nature which Member States or the Union have elected to subject to a
series of public-service obligations by virtue of a general-interest agreement [23]. It
includes economic activities that public authorities recognize as being critical to citi-
zens and that would not be supplied (or would be supplied under distinct conditions) if
there were no public regulation.

The concept of Social Services of General Interest (SSGI) refers to a subset of SGI
which plays a crucial role to improve quality of life and provide social protection of
citizens, in order to enable economic and territorial cohesion, high employment, social
inclusion, environmental quality and economic growth [25]. These services are
person-oriented, designed to respond to vital human needs, particularly to support the
ones who are in vulnerable position, and are addressed to the whole population,
independently of wealth, income or any other idiosyncrasy.

Finally, the term Universal Service Obligation (USO) consists of predetermined
rules and requirements stated to make sure the SGI will be available to all citizens
according to certain parameters of affordability, quality and accessibility [8]. Setting up
specific USO at a European level is essential for the market liberalization of service
sectors, such as transports, postal services and telecommunications.

Other SGI related definitions and concepts may be found in scientific literature and
in project research reports. Tagarev et al. [26] elaborate on the concept of European
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Essential Services (EES) as functions that “allow to preserve the functioning of gov-
ernment, economy and citizens under extreme conditions”. In the context of the
SeGI ESPON project [27], the concept of SGI is divided in SSGI and SGEI only.
Hence, SSGI are composed by labour market services, education, healthcare, childcare,
social care, housing and social assistance services; while SGEI comprehend services of
gas, electricity, postal services, transport, Information and Communications Technol-
ogy (ICT) and electronic communications as well as water and waste management [27].

Debates on the “lack of clarity on terminology” and on the fact that “concepts are
used interchangeably and inaccurately” still draw attention [8]. In their research work,
Bjornsen et al. [24] discuss to what extent SGI can be meaningfully determined and
interpreted based on scientifically procedures, as the definition of SGI itself implies no
clear guidelines about what specific types of activities, processes and resources are
involved. Nevertheless, according to the authors some exemplifications typically
involve “areas into which the economic and/or government activities of a country are
divided” and industries. These areas refer to the main institutional sectors (public and
private), as well as to policies involving actors, activities and resources of these sectors.
Some examples of SGI could be implied based on the Green Paper on Services of
General Interest division of SGI in “non-market as well as market services which the
public authorities class as being of general interest and subject to specific public service
obligations” [23]. Thus, market services would comprehend activities delegated to
mostly private entities (e.g. water and natural gas supply, transports, electricity and
telecommunications), whilst non-market would designate services delegated typically
(or fully) to public entities (e.g. justice, social security, financial services, housing and
health care) [23].

This concept of SGI was intentionally built to replace well-established concepts,
such as “public services”, to promote a common language in the EU and respect local
heterogeneities. So, all definitions made by the EU regarding SGI do not reflect any
national terminologies on what should be provided or regulated as a service. For
service obligations typically vary among the Member States and local historical,
economic, cultural and political developments can lead to different understandings,
agreements and definitions. Therefore, despite the several normative statements con-
cerning the delivery of SGI specified at the European level, the development of policies
and, in many instances, the provision of the services themselves remains mostly a
responsibility of each Member State. So, the development of public policies regarding
SGI as well as the activities, resources and functions entrusted to public authorities’
regulation are decided in a local perspective, considering particularities and require-
ments of the citizens who benefit from them.

The development of SGI to address citizen needs have been receiving growing
attention of EC and EU Member States, which considers these activities, resources and
functions as essential components of the modern European society’s model, as they are
of great importance to foster high competitiveness of the European economy as well as
to enable social and territorial unity among Member States. This premise is stated by the
White Paper on Services of General Interest [28], which emphasizes the importance of
the SGI as one of the main pillars of the modern European society model. Thus, it is
necessary to “ensure the harmonious combination of market mechanisms and public
service missions” to achieve the EC objectives in terms of European cohesion and
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convergence policies. Therefore, the development of SGI according to certain param-
eters of availability and accessibility as well as according to a proper territorial distri-
bution represents a key strategy for the EU. These developments intend to ensure that all
citizens and enterprises will be provided with affordable and high-quality services.

Given the importance of the SGI to maintain and enhance older citizens’ quality of
life it is also important to consider this specific population information needs when
developing new services and improving the existing ones.

2.2 Information Needs of Elderly

Though there has been an increasing interest among researchers in investigating the
information needs of elderly [29], research studies on this subject are still scarce in
scientific literature [30]. Considering elderly information needs is fundamental for
effective planning and implementation of services and public policies to assist this
population segment.

Zou and Zhou [30] conducted a survey with 600 respondents in a rural community
of China in order to list the sources and types of information on which elderly often
rely. Based on the survey results, a typology of five categories of information needs
was established: physiological (food, clothing, care and shelter); safe (healthcare and
pension policy); affective (friends and family activities and club activities), Respected
(self-assessment and social evaluation) and self-realized (jobs and knowledge skills).
Also, the results showed that information accessibility, reliability, and relevance highly
influence elderly choice of information sources. With respect to information sources,
audio-visual media were preferred (e.g. TV and radio).

Similarly, audio-visual media were the most preferred source of information for
elderly according to a research based in Nigeria [29]. This study sought to identify
Nigerian elderly needs of information as well as the sources they are familiar with.
Findings revealed that elderlies are mainly interested in information about health
conditions, pension/finance, government policies, current affairs, and transport. Also,
the authors pointed out some factors influencing the information seeking behaviour of
older people, such as problems with access and availability.

Information must be relevant, accessible and appropriate to older adults’ expecta-
tions to be effectively delivered and consumed. This is aligned with a study by Barret
[15], which investigated and analysed the information needs of older people in the
United Kingdom in a nationwide survey with 1630 respondents. Questions regarding
the most common day-to-day problems, areas and sources of information older people
were aware of, and preferred means of getting such information helped to evaluate
issues on finding information about formal support. Results showed that respondents
demand for information about financial and practical help, housing, products and home
adaptations, support and services at home that are available to them.

Some authors consider that elderly often find it very hard to point out subjects and
information they are really interested, as usually they only require such information at a
time of crisis or life change. So, instead of investigating about topics of interest,
Everingham et al. [17] preferred inquiring about people recent information needs. The
authors conducted a study to “understand issues impacting on older people’s capacity
to access relevant information” as a part of a larger project which developed a model of
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local collaboration in eastern Australia. Conclusions show that older people seek
information about availability of programs for delivering hot meals, home health care,
special transportation, and other assistance services. Also, they wish to know all the
benefits, concessions, rebates and subsidies they are entitled to.

There are two paths available to receive information: information may be delib-
erately sought and retrieved or may be opportunistically received by chance and, thus,
be discovered and noticed. In this way, assuming that information discovered and
noticed reflect people’s everyday life problems, concerns and lifestyle, Palsdottir [31]
proposed an exploratory study about opportunistic information discovery by elderly
people in Iceland. According to the author, it is consensual for elderly that authorities
should disseminate in a more efficient way information regarding formal support from
the state or the municipality (e.g. house cleaning, driving service, home delivery of
meals, assistance with bathing, administering medications, etc.), available healthcare
programs, and financial support or reimbursements that older people are entitled to.

The aforementioned studies on seniors’ information needs show that information
about healthcare, financial help, pensions and local policies are recurring demands
among senior citizens from many countries. To cope the lack of studies concerning the
information needs of the Portuguese elderly, previous works of our research team
consisted in assessing the SGI on which the older adults of this country would like to
receive information about [10]. These works served as basis for a draft of the services
belonging to the taxonomy proposed by this research. The development of a proper
taxonomy of SGI considering senior citizens information needs presents a valuable
artefact for government entities so that they can effectively propose and implement
more adequate policies for a promotion of the quality of life. Details on the process of
composing this taxonomy follows.

3 Methodology

This study forms an early stage of +TV4E project, a two-year action research project
conducted at University of Aveiro, Portugal, which proposes an iTV platform for
delivering personalized informative contents about SGI to senior citizens. Thus, in
order to achieve a more adequate and personalized approach for the content delivery it
is necessary to create a proper categorization of such information [21].

In order to consider particularities of Portugal as well as to establish the validity of
the current study, our research team decided to invest in a preliminary exploratory
approach to gather information about: (a) development and implementation of SGI in
Europe; (b) common information needs of elderly and (c) respective sources of infor-
mation. This approach consisted of a literature survey of research in international
databases with the keywords “elderly” and “information needs”. As result, it was pro-
duced a list of services in which elderly would be interested in receiving information.

This list was composed by three categories of services: (a) Healthcare services;
(b) Social and financial services, and (c) Local (nearby) services. Though rather
incomplete, it already had most of services available to Portuguese seniors, and served as
basis for guidelines and questionnaires used in subsequent phases, which consisted of:
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e A semi-structured interview with an expert in public health promotion for
Portuguese seniors;

e A focus groups carried out with experts in public policies development in Portugal;

e Surveys with seniors.

Figure 1 shows in a schematic form the methodological process that allowed the
creation of Assistance Services of General Interest for Elderly (ASGIE) taxonomy.

The process of categorizing the SGI tailored for elderly was an evolutionary pro-
cess where the outputs of a given phase served as input for the subsequent phase in
order to evolve, improve and validate the taxonomy proposed by this study. The output
of the phase “Semi-structured Interview with a Specialist” was a first draft of the
taxonomy, while the phase “Focus Group with Experts” provided contributions for
the composition of a second draft. Afterwards, the second draft version was validated
through a survey with seniors recruited in the context of the +TV4E project. Finally,
after the preliminary phase of literature review and the application of three different
research methods the final version of the ASGIE taxonomy was achieved (see Fig. 1).
Details on the application of these several research techniques are presented below.

Exploratory Semi-structured Focus Group with Survey with
literature survey interview with experts SENIos ASGIE Taxonomy

specialist (n=4) (n=23)

Fig. 1. Methodology towards ASGIE taxonomy [10].

3.1 Semi Structured Interview with a Specialist

Formal caregivers are the closest professionals of the elderly. Hence, in order to assess
needs and sources of information of elderly with respect to SGI, it was carried out an
interview with a formal caregiver. Due to times constrains, related to the schedule of
+TVA4E project in which this study is under development, it was only possible to carried
out the interview with one formal caregiver with consolidated know-how in this field.

The selected interviewee, S.R.', is a gerontologist and expert in seniors’ welfare
promotion and active ageing in Lisbon. S.R. has 6 years of experience as formal
caregiver of seniors and is a technical coordinator of a non-profit organization whose
mission is to fight loneliness and isolation by providing personalized solutions. Cur-
rently, this organization provides support for 118 aged citizens living in Lisbon
Downtown. An important part of her job is ensuring companionship, administering
healthcare treatments, and supporting aged people with everyday activities, such as
buying groceries, home cleaning and repairing (many times supported by third-party
and associated services providers).

! The interviewee has her names hidden for ethic privacy reasons.
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This interview involved questions on the following subjects: (1) the interviewee’s
profile (academic and professional background); (2) the organization where the inter-
viewee works; (3) seniors’ needs regarding social public services, and (4) media used
by seniors to discover information about SGI. Hence, the questions below were asked:

e Which public services are the most searched by the seniors supported by your
organization?

e Which are the most used ways by seniors, to access information? (e.g. flyers,
internet, newspapers, TV, radio, others).
How do seniors look for and receive information about Public Services?
What role the formal and informal caregivers play in informing seniors about Public
Service activities?

e Where do caregivers seek information? Can you help us to realize how often they
look for information?

According to the interviewee, seniors usually demand information regarding gen-
eral subsidies (e.g. social tariffs, housing complements and subsidies in medicines),
nearby professional services (e.g. vet, house cleaning and house repairing), income
taxes, retirement rules, social and civil rights, juridical support and social security.
Considering the objectives of this study and of the +TV4E project, the major findings
of this interview were: (a) the average digital literacy of people attended by this expert
is rather low; (b) almost all seniors choose TV as the main digital medium for receiving
information and for being up-to-date with general news and (c) there are many gov-
ernmental and third-party Web portals currently providing public information that may
be leveraged by +TVA4E platform [18]. In addition, the interview provided new inputs
for the services tailored for Portuguese seniors unidentified during the exploratory
literature survey.

Then, the first draft version of the taxonomy was composed based on the compiled
services list built during the exploratory phase as well as the contributions noted from
the interview (see Fig. 1). This first draft version counted with three different domains
of information: (a) Healthcare services, (b) Social services and (c) Financial services.
Local (nearby) services listed during the literature research were distributed all over
these three domains. In addition, some services were categorized as part of more than
one domain (e.g. hospital social tariffs are both part of healthcare and financial
services).

3.2 Focus Group with Experts

A focus group may be treated as a mix of participant observation and in-depth inter-
view to characterize participants’ perceptions, spontaneous opinions and attitudes [32].
It is a very useful tool for getting information about how people or a group of people
think about certain topics in a session moderated by an element with experience and
leadership ability.

In the context of +TV4E project, a focus group with experts in public policies
development in Portugal played a key role to assess services, activities and social
programs available for elderly in the country. Then, this two hours long focus group
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occurred in October 2016 and was formed by four research experts, three researchers of
+TVA4E project with expertise in designing technologies for seniors and one moderator.

Even though it is a challenging and time-consuming task, it is highly valuable to
promote and learn from discussions and debates of professionals with know-how in
different fields of knowledge. Concerning the peculiar inter-disciplinarity of the +TV4E
project as well as the concepts covered by it, this focus group was developed with four
professionals from different areas:

e a senior academic researcher on the relationship between new information and
communication technologies and people/organisations;

e a researcher with background in gerontology, with research works in technology
assessment for the elderly, including Ambient Assisted Living products and ser-
vices, and in the field of assistive technologies use and evaluation of human
functioning and environmental factors using the International Classification of
Functioning, Disability and Health;

e a senior researcher and specialist in public policies planning and development;
territorial governance; and economic, social and territorial impacts of Information
and Communications Technologies;

e a gerontologist working in a Portuguese town hall, in the social action office, with
responsibilities ranging from interventional planning to action and/or referral of
problematic social situations of the elderly population.

The main purpose of this focus group was to validate the first draft of taxonomy,
which was subjected to extensive review and analysis of the experts. Firstly, the
participants were introduced to the main objectives of the +TV4E project. Then, the
focus group was divided in four parts: (1) an initial brainstorming on the information
needs of Portuguese seniors, where the participants were motivated to think about
which services, resources or activities entrusted to the government they would like to
receive information on TV by filling the sentence: “If I were a senior, I would like to
see on my TV the following information regarding SGI...”; (2) validation of the service
list which composed the first draft of the ASGIE taxonomy; (3) validation of the
information sources, previously defined, for each of the domains of information, and
(4) validation of the ASGIE concept.

Considering the objectives of the current study, the main contributions of this focus
group consisted of a series of insights to reformulate the first drafted taxonomy. The
experts stated that it would be necessary to come up with more than three domains of
information to cover all the possible activities and social programs provided by Por-
tuguese government authorities. Hence, the inputs gathered from these experts enabled
the creation of a second draft version of the taxonomy containing seven domains of
information that would be of interest of the Portuguese elderly: (a) Health Care and
Welfare Services; (b) Social Services; (c) Financial Services (taxes and fees);
(d) Culture, Informal education and entertainment; (e) Security services; (f) Transport
services, and (g) Local authority services. These domains were formed by services,
activities and social programs regulated by Portuguese authorities to benefit senior
citizens. This second draft version supported the next phase and guided the survey with
23 seniors that have been already recruited to take part in the participatory design
process of +TV4E project.
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3.3 Survey with Seniors

Participatory design techniques are vital to research and development projects since
they involve potential target users enabling a more adapted and personalized approach
to improve engagement with the developed solutions. So, as a final step of the current
study, involving seniors who can benefit from the +TV4E platform granted the drafted
taxonomy relevance and validity.

As it is challenging to elicit valid and useful inputs from seniors in designing
innovative concepts [33], a simple survey based on the second drafted taxonomy was
carried out with 23 seniors. This sample was recruited in Aveiro (Portugal) and
neighbouring cities. This survey occurred in November 2016, and had the list of
services, activities and social programs addressed in previous phases. Thus, based on
their information needs, seniors were asked to classify every item in a total of 30 items,
in the list according to three levels of importance (1 = not important, 2 = important and
3 = very important). An analysis of the results achieved is presented in the Results and
Discussion section.

Surveys helped to quantify interests of seniors regarding the services that comprise
the taxonomy proposed by this study. The final version of the Assistance Services of
General Interest for Elderly (ASGIE), which was the result of the preliminary literature
review and the application of three research methods, is presented and discussed
following.

4 A Taxonomy of Assistance Services for Seniors in Portugal

Created considering the context of SGI tailored for old citizens of Portugal, the concept
of Assistance Services of General Interest for Elderly (ASGIE) comprehends services,
activities and agreements assumed to be of essential importance to elderly citizen
welfare, quality of life and social inclusion, as well as to inform about civil rights and
obligation regarding public authorities. It includes all SGI related to support the elderly
in Instrumental Activities of Daily Living (IADL), which are the tasks needed to enable
seniors to live independently (e.g. managing finances, handling transportation and
health care).

From the ASGIE concept, a taxonomy formed by seven domains was derived.
These domains were organized according common interests of senior citizens regarding
services, activities and social programs provided by public authorities (Fig. 2).

The taxonomy organization in domains and sub-domains, is topic-based and not
necessarily “service provider’-based. In other words, this organization considers the
kind of benefit obtained by the seniors and not the service provider. Therefore, each
domain comprises a range of information considered to be relevant for the elderly daily
activities and quality of life in a specific area. The seven domains are: Health Care and
Welfare Services; Social Services; Financial Services; Cultural Services; Security
Services; Transport Services and Local Authority Services.
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Assistance Services of General Interest for Elderly
(ASGIE)
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Fig. 2. The ASGIE taxonomy domains of information [10].

The Health Care and Welfare Services domain comprehends services, activities

and social programs related to health management, divided in six areas:

Primary Care — general practitioner consultation at the health centre and health
promotion, such as vaccine programs and preventive methods.

Hospital Care — emergency arrangements, urgency and specialized medical
attendance at hospital facilities.

Continuous and Integrated Care — promotion of care in an integrated manner,
continuous treatment of chronic diseases, situations of dependency and loss of
autonomy.

Transport — emergency and continuous treatment transports.

Welfare and Life Quality — healthy ageing recommendations.

Pharmacy Stores — information regarding nearby pharmacies (addresses, timeta-
bles and discounts).

Concerning the Social Services, these play an important role in European societies

by contributing to social protection and social inclusion. Considering the context of
Portugal, this domain is composed by the Seven Social Policies for Seniors: home
care services, social living centre, day care centre, night care centre, host family,
nursing homes, leisure activity centres.
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Portuguese authorities have several social specific measures to help lower income
persons and elderly to benefit from public services. In this scenario, Financial Services
have social programs, including lower National and Local Taxes (e.g. IRS?, IRC,
IMI*, IUC?), Social Tariffs (discounts on water supply, telecommunications, electric,
and natural gas bills, transport fares, and cultural tickets)", lower Health Fees
(co-participation fees charged for using the Public Health System), Subsidies in
Medicine and Financial Assistance (e.g. pensions, social security and complementary
security income).

Culture Services are important for preventive health promotion as they support
citizens staying active and functional for longer. These services, activities and social
programs include Senior tourism trips; Informal Education courses — often provided
by the Portuguese Senior Universities (www.rutis.pt); and Events (e.g. recreational,
leisure and cultural activities).

Considering the Portuguese context of SGI tailored for old citizens, Security
Services are composed by social programs, alerts and advices promoted by the
Republican National Guard (GNR) and the Public Security Police (PSP). Likewise,
the domain of Transport services comprises Taxi Information, Flights Information
and Bus/Train Information.

Finally, the Local Authority Services are composed by services, activities and
social programs promoted by the local authority. These services are responsible for the
Town Hall Citizen Support Office (local representative of the central power), Local
services (exclusively services and programmes provided by the local authority), and
Civic Services (e.g. volunteering networks).

Lastly, it is worth to mention that some services, activities and social programs may
be transversal to more than one domain of information, but, for the sake of simplicity,
they are mentioned in one domain only. For example, specific Health fees and Sub-
sidies in Medicine are programs concerning the domains: Health Care and Welfare
Services, Social Services and Financial Services. Also, Social Tariffs and Financial
Assistance are programs transversal to both domains: Social Services and Financial
Services.

5 Results and Discussion

The European Commission (EC) defines guidelines to foster homogeneity among the
Member States, but the implementation itself of public policies is a role of every
Member State. Hence, considering that it is a role of every local government to define,
organize, finance and monitor their own SGI, the ASGIE concept proposed in this work

2 Portuguese individual income tax.

* Portuguese corporate income tax.

4 Portuguese municipal property tax.

5 Portuguese motor vehicle property tax.

S Social Tariffs are measures launched by the Portuguese Government in order to guarantee access to
the essential services taking into account socioeconomic inequalities.
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is based on specific services, activities and social programs available for Portuguese
elderly. Moreover, as Portugal is a Member State of the EU, some coincidences of
services, activities and social programs listed in the taxonomy may be noticed in other
European countries. Also, to clarify what is provided or regulated by public authorities
as well as to avoid any misunderstandings on the public word, the ASGIE concept uses
the same terminology of “general interest” created by the EC.

Though no specific studies on information needs of Portuguese seniors were found,
studies conducted by researchers from other countries reveal trends of information
demanded by this population segment. These studies contributed to define a first draft
of the ASGIE taxonomy. In addition, as noticed during the literature survey, services,
activities and social programs related to Healthcare and Welfare Services, Social
Services and Financial services are often mentioned by seniors when it comes to their
information needs. Afterwards, discussions with research specialists in welfare pro-
motion and public policies development helped to evolve the ASGIE concept by
adding four more domains: Culture Services, Security Services, Transport Services
and Local Authority Services.

To check the validity of the ASGIE concept and taxonomy it was conducted a
survey with seniors recruited in the context of the +TV4E project, which helped to
quantify their interests regarding the services, activities and social programs that form
the taxonomy. Respondents were asked to score a list of 23 items (sub-domains) using
a Likert scale with 3 levels of importance (1 = unimportant, 2 = a bit important and
3 = very important). The analysis based on Mean and Standard Deviation (SD) of the
collected data is presented on Table 1. The sample addresses a total of 23 respondents,
who were recruited by convenience. The female gender represented 56.5% of the
sample (n = 13), and male 43.5% (n = 10). The ages ranged from 62 to 77, with an
average of 69 years old. Almost all items listed in the survey were classified as
important, with average of 2.1 points or more. Particularly, services, activities and
social programs belonging to Healthcare and Welfare Services, Social Services,
Financial Services and Security Services domains were considered very important (as
depicted in Table 1). This result indicates that these domains may be considered as
having essential information for daily living of seniors. The information domain
considered as less important was the Transport Services, maybe because public
transportation is not a common choice of seniors or, perhaps, because they often
depend on family members and caregivers to get around. At the end of survey the
respondents were able to propose additional services, activities or social programs but
nobody used this field, which indicates the completeness of the taxonomy.

Categorizing information regarding SGI tailored for the Portuguese elderly is a key
aspect of +TV4E project. Organizing this information according to parameters that
would reflect preferences and needs of elderly is a prerequisite for a proper content
selection. In this way, for example, the +TV4E iTV platform will deliver to users who
are interested in the local authority roles, informative contents related to the domain of
Local Authority Services. Thus, the content selection and matching with user pref-
erences will be supported by the content recommender system of the +TV4E platform
using the taxonomy proposed in this study [20, 21].
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Table 1. Descriptive analysis of data collected in surveys with 23 seniors [10].

ASGIE domains and sub-domains of information ‘ Mean ‘ SD

Health care and welfare services

Primary care 3.0 [0.00
Hospital care 2.5 1059
Continuous and integrated care 26 |0.74
Transport 2.7 1045
Welfare 2.6 0.50
Pharmacies 2.3 0.69
Social services

Social support and programs ‘ 2.7 ‘ 0.47
Financial services

National and local taxes 2.6 0.50
Health fees 2.4 0.58
Subsidies in medicine 2.6 0.50
Social tariff 2.5 0.60
Financial assistance 2.6 0.58

Culture, informal education and entertainment

Senior tourism 2.7 0.48
Entertainment 2.2 0.81
Informal education 2.1 0.83

Security services

National republican guard 26 1059
Public security police 2.6 1059
Transport services

Taxi number by district 25 10.67
Number of public transport 2.5 10.67
Airlines contact 21 071
Local authority services

Town hall citizen support office 2.1 ]0.68
Specific benefits of local authorities 23 10.63
Civic services 14 10.59

6 Conclusions and Future Work

Around 40 years ago Childers and Post [34] wrote that “probably one of the most
serious problems facing elderly people today is the lack of information and knowledge
about existing programs and the available community resources which could meet
some of their needs” [34]. Though the number of information sources available may
have been increasing over the past forty years, mainly due to improvements in infor-
mation and communication technologies, the current study suggests that seniors still
don’t access adequate information regarding services, activities and social programs
they could benefit from.
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This work aimed to provide a classification for SGI focused on the Portuguese
elderly. Thus, this paper elaborates on a list of assistance services endowed by public
authorities to old citizens and, considering the Portuguese context, proposes the con-
cept and taxonomy of Assistance Services of General Interest to the Elderly (ASGIE).

To fundament and validate the ASGIE concept and the taxonomy, research experts
in welfare promotion and public policies development were called to participate in an
interview and a focus group. Contributions from these specialists served as guidelines
to a survey conducted with 23 seniors. This survey allowed the validation of the
relevance of the domains and sub-domains structuring ASGIE taxonomy.

In addition, as a future research study it is necessary to assess acceptable data
sources regarding the ASGIE domains to retrieve information from. Though some
contributions in this regard were noted during the interview and the focus group with
specialists, a detailed study should be performed in a near future to gather adequate
information about this topic. This is a very important subject as these sources will be
used as feeds for the +TV4E platform to automatically generate video informative
contents.

The reduced size of the sample of the survey may limit the significance of achieved
results. Although it should not be overlooked that the findings show homogeneity and
agreement, both across literature and the participants of this study, which gives con-
sistency to the results that supported the proposed taxonomy. Thus, as future steps, the
research team intends to extend the survey application, so that the results can be
representative of the Portuguese population.

Findings from this research will be very valuable for the +TV4E project in its
upcoming development stages towards a personalized system for the elderly, enhancing
the probabilities of adherence and acceptance by its target users. An appropriate cat-
egorization of the informative contents handled by the iTV platform guarantees a
proper implementation of the +TV4E recommendation system [21].

Finally, in order to accomplish the Europe 2020 guidelines for development of
innovative Services of General Interest [9], Portuguese authorities in charge of
designing, implementing and monitoring public policies for seniors can use these
findings as indicators of information needs of this population segment. Furthermore,
studies like this can be an asset to other countries to evaluate information needs of their
senior citizens. Fulfilling seniors’ information needs is essential to promote their health
and quality of life.
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